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1. SCOPE 

1.1 Purpose - The purpose of this report is to present 
the results achieved in performing the Payload/Orbiter Contami- 
nation Control Assessment Support study. The intent of this 
activity was to determine and quantify the expected on orbit 
contaminant environment for Space Shuttle Payloads from major 
Shuttle Orbiter sources. These sources are the supplemental 
flash evaporator vent, cabin atmosphere leakage, outgassing, 
and the Vernier Control System (VCS) engines. The impact of 
these sources was assessed through the development and use of 

a contamination computer model. Particular attention was given 
to determining the contamination control requirements which 
should be placed on the Shuttle Orbiter and determining the 
impact on Shuttle Orbiter design features such as the materials 
characteristics of external surfaces, use of water sublimators/ 
evaporators for water dumps and/or heat rejection, and the 
Vernier Control System plume characteristics. 

1.2 Scope - This report describes the development and 
use of a basic contamination math model of the Shuttle Orbiter 
which incorporates specific Shuttle Orbiter configurations and 
contamination sources. These configurations and sources were 
evaluated with respect to known Shuttle Orbiter operational 
surface characteristics and specific lines-of-sight which en- 
compass the majority of viewing requirements for Shuttle payloads 
The results of these evaluations are presented as summary tables 
for each major source. In addition, contamination minimization 
studies were conducted and recommendations are made, where 
applicable, to support the Shuttle Orbiter design and opera- 
tional planning for those sources which were identified to 
present a significant contamination threat. These minimization 
studies are presented as part of this report for completeness 
and as a record of activities conducted. 

1.3 Summary - A basic Shuttle Orbiter contamination 
math model has been established. This model incorporates 
specific Shuttle Orbiter configurations and identifies major 
Shuttle Orbiter contamination sources. A Shuttle Orbiter con- 
figuration was synthesized utilizing a masc transport analog to 
thermal radiation phenomenon for surfaces which act as uniform 
emitters of mass flux. The Shuttle Orbiter on orbit geometry 
and major source characteristics have been established consist- 
ent with previous contamination modeling activities reported in 
the Applicable Documents MCR-74-93, MCR-74-474, and MCR-75-202. 


4 


2 


The current Shuttle Orbiter contamination math model has 
updated configuration and source changes over those presented 
in the above mentioned documents. The configuration and source 
changes which are reflected in the current model are: 

a) geometric refinement of the tail section (view 
factors to the payload bay) ; 

b) geometric refinement of the Orbital Manuevering 
System (OMS) pod structure; 

c) payload bay door and radiator configuration 
when opened; 

d) supplemental flash evaporator flowrates from 
5.5 Ib/hr to 15 Ib/hr (2.49 kg/hr to 6.8 kg/hr) 
per nozzle and location; 

e) detailed geometry modeling of the 900 lb Re- 
action Control System (RCS) engines; 

f) refined VCS location and orientation; 

g) wing elevon' shape refinement; 

h) overall wing' shape and contour update; and 

i) rear body flap configuration. 

The modeling approach used throughout this study was to 
utilize independent subroutines for predictions and trade studies 
instead of spending excessive effort in integrating a large com- 
puter model that would require extensive input core capacity and 
operational time. This allowed minimum turnaround time for 
trade studies and a detailed checkout of each subroutine. The 
subroutines were developed with the latitude to be eventually 
integrated into a single model that would allow access of any 
source and required computations to assess the contamination 
potential of the source on a representative critical surface.. 

From the model development activity, predictions were 
established for the Shuttle Orbiter contaminant induced environ- 
ment for specific lines-of-sight for all the major Shuttle 
Orbiter sources considered. Where these predictions exceeded 
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the acceptable criteria presented in Applicable Document JSC 
07700 Volume X Revision C, minimization studies were performed 
to identify improvements or recommendations for improvements. 

The criteria identified in the above applicable document are 
presented below for reference in understanding the data presented 
and comparison to the predictions. 


a) Fewer than 1 particle larger than 5 microns in 
the field-of-view of an instrument per orbit. 


b) 


Column density for water vapor less than 10 
molecules/cm^ (polar molecules). 
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c) Background brightness from scattering or emis- 
sion less than 20th magnitude/ sec^ in the UV 
range, 

d) Return flux of less than 10 ^ molecules/cm^/sec. 


e) Control to 1 percent absorption of UV, visible, 
and IR radiation by condensibles on optical 
surfaces. 


Of these criteria, criteria b) and d) were used most often to 
evaluate the predicted induced environment. As based upon the 
predicted induced environment and the criteria, the two sources 
analyzed in detail in the minimization studies were the aft VCS 
engines and the supplemental evaporator system. 


The VCS engines were also evaluated at the forward loca- 
tions and at various canted orientations at the forward and 
baseline aft location. For all locations and orientations 
evaluated, the VCS engine contributions to the lines-of-sight ex- 
ceeded 10*2 mo lecules/cmr (polar molecules). Since the VCS 
engines work on an as required basis* there are a number of 
important parameters that should be considered by the payload 
groups to minimize the potential impact of the VCS firings upon 
their observation requirements. Proper selection of orbital 
altitude, deadband requirements, and attitude requirements can 
minimize the VCS impact. Gimballing of payloads will place 
less requirements on the VCS system. Consideration for Control 
Moment Gyros (CMGs) for the more sensitive payloads could be 
an alternate approach to minimize the VCS contribution to the 
induced environment. 
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The supplemental evaporator system was also evaluated in 
detail at numerous locations along the length of the Shuttle 
Orbiter fuselage beginning at approximately X = 600 and extend- 
ing to the aft rear end heat shield below the main propulsion 
engines. Even though some of these locations were desirable 
from a contamination viewpoint, they impacted other systems 
(i.e. , guidance and control, thermal, structures, etc.). The 
evaporator minimization studies showed that desirable evaporator 
locations (from a contamination consideration) , in order of 
priority, were aft facing +X, X = 1519 facing +Y (lower aft 
corner) , and between X = 600 to X = 950 underneath the payload bay 
doors facing +Y. Additional considerations that may impact the 
desirability of some of these locations were evaluated and they 
include ice buildup on cold Shuttle Orbiter surfaces, increased 
VGS usage resulting from forces generated by evaporator exhaust 
impingement on adjacent Shuttle Orbiter surfaces, and the flow 
of evaporator exhaust products through the payload bay door/ 
Shuttle. Orbiter fuselage hinge line. 

Additional studies were performed to determine the deposi- 
tion potential on the Shuttle Orbiter radiator surfaces and a 
surface in the payload bay. Outgassing from the tail leading 
edge (which can look directly into the payload bay) has been 
analyzed and does not present a significant contamination problem. 
The radiator surfaces were assessed to be significantly degraded 
from direct impingement from VCS and RCS engines and OMS pod 
structure outgassing. Additional impingement on the radiator 
surfaces occurs from the return flux of RCS and OMS engine ex- 
haust products and Shuttle Orbiter outgassed material. 

Approaches to minimize these potential sources are 
delineated in the recommendations. These include materials 
selection and outgassing characteristic measurements and 
establishing on orbit: operational constraints. 

t 
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2. APPLICABLE DOCUMENTS 

2.1 Program Documents - The following documents form a 
part of this report in the extent that they were used for re- 
lated program information relevant to this study. 


PROGRAM DOCUMENTS 

MCR-73-105 
Revision 1 


MCR-74-93 


MCR-74-474 


MCR-75-202 


JSC 07700 Volv 
X, Revision C 


Minutes 


"Thermal Radiation Analysis 
System", (TRASYS), NAS9-14318, 
May 1975, Martin Marietta 
Aerospace, Denver Division. 

"Payload/Orbiter Contamination 
Control Requirement Study”, 

NAS 8 -30452, May 1974, Martin 
Marietta Aerospace, Denver 
Division. 

"Payload/Orbiter Contamination 
Control Requirement Study" , 
NAS8-30755 Exhibit A, December 

1974, Martin Marietta Aerospace, 
Denver Division. 

"Payload/Orbiter Contamination 
Control Requirement Study", 
NAS8-30755 Exhibit B, June 

1975, Martin Marietta Aerospace, 
Denver Division. 

"Space Shuttle Flight and 
Ground System Specifications", 
July 3, 1974, Lyndon B. Johnson 
Space Center. 

"Minutes from the 4th and 5th 
Particle and Gas Working Group 
Meetings", S. Jacobs, Lyndon - 
B. Johnson Space Center. 



T-169-28 
Vol VI 


50M02442 
Rev. W 



J 
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"Shuttle Active Thermal Con- 
trol System Development Testing 
Water Ejector Plume Test", 
November 16, 1973, Summerhays, 
R. M. , LTV, Dallas, Texas. 

"ATM Material Control for Con- 
tamination Due to Outgassing", 
March 1, 1972, George C. 
Marshall Space Flight Center. 
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3. STUDY RESULTS 

3.1 Shuttle Orbiter Contamination Modeling - The general 
contamination modeling considerations and approaches utilized in 
this study for the Shuttle Orbiter are similar to those reported 
in the MCR-74-93, MCR-74-474, and MCR-75-202 reports identified 
in the Applicable Documents section. The following subsections 
treat specifically those considerations utilized for this study. 
For completeness, some of the material contained in the above 
identified reports is repeated. 

3.1.1 Shuttle Orbiter Contamination Mathematical Model 
Description - Presented in Figure 1 is a logic flow diagram of 
the basic Shuttle Orbiter contamination math model. The flow 
diagram outlines the major steps and/or functions of the model. 
Many of the computations are presently developed as subroutines 
to the model. Without the subroutines, the model utilizes 
approximately 105K core of a CDG 6000 series computer. Addition 
of the noted subroutines would increase the total core require- 
ment past 150K thus limiting its operational capability on the 
current computer. 

There are other considerations for maintaining the model 
as described above. These are: 

a) improved fidelity of the Shuttle Orbiter con- 
figuration (more surfaces) will increase the 
total computer core requirements; 

b) sources such as the evaporator, VCS, and RCS 

do not use a radiation analog for characteristic 
source description, therefore, they require 
different subroutines for computation; 

c) timelining of and positioning of the sources 
identified in b) have not been firmly es- 
tablished; 

d) identification of mission profiles, temperature 
data, beta angles, mission duration, etc., have 
not been adequately defined and will require 
additional core storage for these data arrays; 
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e) the total size required, ultimate operational 
usage, and the necessary streamlining has yet 
to be determined; and 

f) the need to perform timely trade studies under 
the current activity has precluded the cumber- 
some and costly usage of a large complex 
computer program for specific sources. 

It is anticipated that the program may ultimately re- 
quire extensive computer core capacity where a series of 
overlays (external subroutines) will have to be developed and 
integrated to maintain operational capability. Depending upon 
required geometric fidelity of the modeled Shuttle Orbiter and 
the number or extent of surfaces required to address the de- 
sired mission profiles, this function may also become an overlay 
or a separate external subroutine. This approach may be de- 
sirable since the requirement to continually address these 
subroutines will be quite high, therefore, minimizing the 
general cumbersome nature of working with a large totally in- 
tegrated program which inherently increases computer use time 
and cost. The ultimate goal in the development of the present 
model and subroutines is to establish an integrated model that 
could be operated in a cost efficient manner. The features of 
the eventual model are anticipated to allow evaluation of each 
identified major source individually or together and to be able 
to select the computations desired for the evaluation. 

The following subsections discuss and present a descrip- 
tion of the various aspects in the development and the data 
.contained in the math model. These are presented for general 
understanding, interpretation of data presented, and analyses 
conducted during the contract period. 

3.1.2 Surface Description - The Shuttle Orbiter was 
three dimensionally synthesized on a GDC 6500 computer using a 
Scope 3.4.1 Operating System. The basic Shuttle Orbiter con- 
figurations) are synthesized by utilizing a mass transport 
analog to thermal radiation for surfaces which act as uniform 
emitters (Lambertian) of mass flux as reported in the Applicable 
Document MCR-75-105, Revision 1 (TRASYS). The maximum number 
of surfaces and/or nodes that can be defined using this tech- 
nique is 1100. Depending upon the number of nodes available 
for surface definition and the number of surfaces to be de- 
scribed, the minimum area size must be considered as a variable. 
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The Shuttle Orbiter was described geometrically by 60 
basic surface shapes. These surfaces were further subdivided 
into a total of 194 nodes. Table A-I in Appendix A presents a 
summary of these surfaces by indicating general area, name of 
surface, type of geometric surface used, surface number, number 
of nodes, and node numbers. The physical shape of the surfaces 
input to the model to define the configurations are drawn 
graphically by scale computer plots from a Cathode Ray Tube 
(CRT) display. These graphical displays are used only to verify 
the location and geometrical shape of any specific surface or 
relationship between surfaces or contaminant sources and do 
not form an integral portion of the basic model. These graphi- 
cal displays will be further discussed in the following sub- 
section. 

Three different computer listings or formats are developed 
from TRASYS with respect to the configuration modeling. These 
listings provide visibility to all the geometric considerations 
used is establishing the Shuttle Orbiter contamination model. 

A set of each of the different computer listings is presented 
in Appendix A with accompanying descriptive text. The informa- 
tion presented in Appendix A is representative of the 
development of the Shuttle Orbiter contamination modeling 
effort to date. 

3.1.3 Graphic Displays - The physical shapes of the 
surfaces input to the computer to define the modeled con- 
figuration are drawn to scale on a CRT display. The CRT display 
is a portion of the TRASYS system and is used to verify the 
location and geometrical shape of any specific surface or re- 
lationship between surfaces or contamination sources. Figures 
2 through 5 are current computer drawn CRT displays of the 
Shuttle Orbiter input configuration used in the contamination 
model. Figures 2 through 5 present a top view, side view, end 
view, and three dimensional view, respectively. 

Figure 6 demonstrates an important aspect in the develop- 
ment of the computer model in that specific surfaces can be 
displayed whether they are a source or a receiver. The spatial 
interaction can be shown without addressing the entire con- 
figuration. This latter point is useful in surface mapping a 
configuration for surface and/or material categorization and 
location studies prior to input into the contamination model 
for assessment. Once all of the Shuttle Orbiter surfaces and 


Y 
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sources location have been verified, they are input to the basic 
contamination model for assessment. 

For the graphic displays, the coordinate system has been 
positioned so that the size of the displays are maximized on 
the CRT display. Microfilm records are developed and are kept 
on file for reference and/or additional display copies as re- 
quired. 

3.1.4 Lines -of-Sight - In order to provide a common 
basis to define the mass and molecular number column densities 
and the return flux of the contaminants, a line-of-sight (LOS) 
is established which is considered representative of a payload, 
an instrument surface, or a critical operational surface in 
question. The contaminants along a given line-of-sight will be 
a function of many variables. The major variables are: 

a) species of the contributing contaminants; 

b) spatial and temporal nature of the contamina- 
tion sources; 

c) location of the line-of-sight with respect to 
the payload bay (position of the payload or 
critical surface) ; 

d) vehicle pointing requirements of the payload; 
and 

e) characteristics of the contaminant source. 

To establish a consistent basis using the LOS approach, 
a representative payload position, approximately three-quarters 
of the way aft (X = 1107) in the payload bay was selected. 

This position was felt to be the most representative for pay- 
loads at the present time. In addition, several lines-of-sight 
at X = 735 were established to evaluate the spatial variation 
in contamination levels as a function of location in the pay- 
load bay. With the sources modeled and the relative symmetry 
of the sources considered, the mass and molecular number column 
densities and the return fluxes calculated will vary to some 
degree with the lines-of-sight considered with respect to a 
normal (+Z) direction and to the position in the payload bay. 

As more sources (which may be manually controlled or timelined) 


17 


are added to the model, the contaminants along any given line- 
of-sight with respect to locations in the payload bay can be 
expected to show larger spatial variations. Payloads with line 
of-sight pointing requirements that are not along the +Z axis 
will see larger spatial variations of the contaminant environ- 
ment. 


For a baseline, nine lines-of-sight were established 
originating at X = 1107. The majority of outgassing, off- 
gassing, and leakage analyses was performed for these nine 
lines-of-sight. These lines-of-sight are identified as: 

a) LOS 1A, zero degree line-of-sight (in the 
+Z direction) ; 

b) LOS 2A, 50 degrees off of +Z towards +Y: 

c) LOS 3A, 25 degrees off of +Z towards +Y; 

d) LOS 4A, 50 degrees -off of +Z towards +Y 

plus 45 degrees towards +X (aft) ; 

e) LOS 5A, 50 degrees off of +Z towards -X 
( forward) ; and 

f) LOS 6A, 50 degrees off of +Z towards +X 
(aft) . 

These lines-of-sight are graphically depicted in Figures 
7 through 12 along with the LOS designation number. LOS 2A, 

LOS 3A, and LOS 4A actually represent two lines-of-sight each. 
These are symmetrical and can be analyzed by evaluating only 
one of the two for each LOS. 

At X = 1107, several additional lines-of-sight were 
evaluated mainly for the evaporator as a source. These lines - 
of sight are: 

a) LOS 7A, 65 degrees off of +Z towards -X 
( forward) ; and 

b) LOS 8A, 90 degrees off of +Z towards -X 
(forward) parallel to the X axis one meter 
above the skin line. 
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During the course of this study, several lines-of-sight 
in the forward part of the payload bay at X = 735 were analyzed 
for specific sources. These lines-of-sight are: 

a) LOS 5F, 50 degrees off of +Z towards -X 
(forward); and 

b) LOS 8F, 90 degrees off of +Z towards -X 
(forward) parallel to the X axis one meter 
above the skin line. 

These additional lines-of-sight are graphically depicted 
in Figures 13 through 16. 

In order to develop mass and number column densities and 
the return flux for a given line-of-sight, the density of the 
induced atmosphere along the line-of-sight must be calculated. 
This is performed in the model by placing small interaction 
spheres along each line-of-sight extending out to 1000 feet 
(304.8 m) from the Shuttle Orbiter. These spheres (15 to 23 in 
number depending upon geometry considerations) along each line- 
of sight were sized to fall within typical fields-of-view of a 
payload or a sensitive surface in question. Each sphere is 
treated as a surface just like that previously described for 
geometrical modeling of the Shuttle Orbiter. View factors are 
calculated from each quadrant of a sphere to the Shuttle Orbiter 
and/or representative payload or surface. In this way, direc- 
tional fluxes can be ascertained that are emitted from different 
portions of the Shuttle Orbiter. 

The first sphere is located at 107 inches (272 cm) from 
the X axis of the Shuttle Orbiter (approximately 5 inches 
(12.7 cm) above the skin line when the payload bay doors are 
closed). The outer most sphere's location is 1000 feet (304.8 m) 
from the X axis of the Shuttle Orbiter. Each sphere is quartered 
into nodes. The first set of spheres (up to 523 inches (1328 cm) 
along a given line-of-sight from the Shuttle Orbiter) have their 
major axis aligned parallel to the line-of-sight. As shown in 
Figure 17, one quadrant of the sphere views forward, one aft, 
one port, and one starboard. The remainder of the spheres are 
aligned with their major axis perpendicular to the line-of- 
sight so that 2 of the 4 quadrants view into the Shuttle Orbiter 
direction. Therefore, the interaction spheres encompass a total 
of 15 to 23 principle surfaces and a total of 60 to 92 nodes 
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depending on the line-of -sight in question and the resolution 
required. The flux and density at each point (sphere) along a 
line-of-sight is calculated for each Shuttle Orbiter source 
considered. Integration along the line-of-sight results in the 
mass column density (MCD) . By knowing the physical makeup of 
the contaminants (e.g., H 2 O, 02 , N 2 , ^0^, CO 2 , etc.) from each 
source, the mass column density can be converted into molecular 
number column density (NGD) for each constituent. This is also 
true for defining the return flux of the contaminants as they 
interact with the ambient atmosphere. 

For simple surface geometries, the return flux is cal- 
culated from the mass column or molecular number column density. 
This is performed by considering the solid viewing angle of the 
surface, hard sphere gas -gas interactions of the contaminants 
with the ambient, the vehicle induced atmosphere within this 
f ield-of-view, and calculating the fraction of the induced 
atmosphere capable of returning to a surface within a given 
solid angle. For this study, the return flux has been cal- 
culated for a representative surface with a physical field-of- 
view of 28 degrees total viewing which equates to a solid angle 
of 0.19 steradians. For viewing angles up to 45 degrees and 
less than 28 degrees, the return flux may be calculated by 
ratioing the solid angle to 0.19 steradians. 

In some instances, a surface may have a large f ield-of- 
view over which the mass column density varies. Also, the off 
axis portions of an instrument may be susceptible to contamina- 
tion, such as baffled systems. Coupled with these possibilities, 
the density of the induced environment does not necessarily de- 
crease uniformly with distance along a line-of-sight. These 
considerations rule out a simple analytical approach to the 
return flux calculations and requires the geometrical relations 
to be established by additional computer configuration modeling 
to accurately assess the return flux, capability. This addi- 
tional analysis is highly configuration dependent and was not 
performed for the present task. 

3 . 2 Shuttle Orbiter Contamination Sources - A review 
was conducted of available documentation for identification of 
Shuttle Orbiter contamination sources. As a result of this 
review, the identified contaminant sources were broken up into 
four categories. These categories are the major Shuttle 
Orbiter on orbit sources, other Shuttle Orbiter sources. 
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reflections and sublimation from Shuttle Orb iter surfaces, and 
boost and reentry sources. These categories were chosen to 
basically represen.t different levels of contamination, unique 
geometric influences, and different phases of operational ac- 
tivities. 

In some instances, the available information was in- 
sufficient in detail to uniquely model or specifically define 
the source characteristics. However, based upon Skylab ex- 
perience and results, those sources where detailed information 
was not readily available, they were treated in a manner similar 
to Skylab developed data. 

The following subsections discuss each of the identified 
sources considered and presents, where applicable, the physical 
relationships modeled. 

3.2.1 Major Shuttle Orbiter On Orbit Sources - The major 
Shuttle Orbiter on orbit sources considered for this study were: 

a) outgassing; 

b) offgassing; 

c) Shuttle Orbiter cabin atmosphere leakage; 

d) supplemental flash evaporator vents; 

e) Vernier Control Subsystem (VCS) 25 lb vernier 
engines ; and 

f) the return flux. 

These sources represent the largest contributors to the 
induced on orbit environment either steady state or transient 
in nature. The contaminant quantities, source locations, 
emission rates, chemical composition, and emission patterns are 
identified in the following subsections for these sources. 

In this study, the difference between outgassing and off- 
gassing is defined as follows. Outgassing is that contribution 
which comes from the material bulk characteristics and is long 
term in nature. Offgassing is related to the volatiles which 
are either adsorbed or absorbed by the material and/or carried 
in the preparation of a material and evaporate very rapidly 
when initially exposed to vacuum. 
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The other contaminant sources mentioned later in this 
subsection must eventually be quantitatively analyzed and con- 
sidered in a total Shuttle Orbiter/payload contamination 
analyses. At present, their impact has been assessed to be less 
significant than the identified major sources or design and test 
data is insufficient at this time to perform more than a quali- 
tative assessment. 

3. 2. 1.1 Outgassing - The molecular emission from non- 
metallic materials exposed to the vacuum environment of space 
may contribute significantly to the contaminant environment of 
the Shuttle Orbiter and payloads. The majority of deposition 
observed on Skylab was the result of outgassing from nonmetallic 
materials. Even though these materials were basically controlled 
to specifications contained in the Applicable Document, 50M02442, 
the long term nature of ( the bulk outgassing rate will contribute 
significantly to the deposition on spacecraft surfaces. 

Although the majority of the Shuttle Orbiter surfaces 
will be covered with carbon and/or ceramic coated silica tiles, 
the adhesive covering required to bond these materials will 
represent an identified outgassing source. In addition, when a 
payload becomes operational, the payload bay doors will be open 
exposing a significant area of the Shuttle Orbiter which will 
not be ceramic tiles and thus expose additional nonmetallic 
materials (which will be carefully selected for low outgassing 
characteristics) . 

The current Shuttle Orbiter Thermal Protection Subsystem 
(TPS) consists of materials applied externally to the primary 
structural shell covering approximately 11,600 ft^ (1077.7 m*) 
out of a total of 12,961 ft^ (1204.1 m^) . In addition to rela- 
tively small areas such as thermal pane windows and thermal 
seals, the major portion consists of three separate types of 
material coverings including Low Temperature Reusable Surface 
Insulation (LRSI) , High Temperature Reusable Surface Insulation 
(HRSI) , and Reinforced Carbon-Carbon (RCC) . The LRSI and HRSI 
are very similar in composition except for approximately 3000 
ft^ (278.7 m^) of the LRSI which has been recently changed to 
NOMEX 12 and has yet to be evaluated. The tiles are coated 
with a RSI ceramic coating (hydrophobic treatment with silicone 
resin) and are bonded to the Shuttle Orbiter structural shell 
with Room Temperature Vulcanized (RTV) 560 adhesive 0.0075 
+0.002 inches in thickness. Joint gaps between each individual 
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tile of 0.050 +0.015 inches allow for tile expansion during 
periods of high temperature extremes and provide "escape routes" 
for outgassed material to the external environment. These tile 
expansion gaps also have the capability to trap or adsorb 
material as a result of ground handling. External Tank (ET) 
ablation processes, Solid Rocket Booster Motor (SRBM) staging, 
and provide in general a geometry where trapped material may 
slowly diffuse. This latter condition could be important in 
assessing the short term offgassing characteristics and the 
long term outgassing of the bonding material. 


HRS I is used basically on the Shuttle Orbiter lower sur- 
faces, the nose cone area, and the vertical stabilizer leading 
edge (4555 ft 2 or 423.2 m 2 ) while the LRSI covers essentially 
all of the Shuttle Orbiter upper surfaces (6482 ft 2 or 602.2 m2). 
RCC is used only in areas of very high temperature extremes 
(greater than 2300°F) such as the nose cone and leading edges 
of the Shuttle Orbiter wings (563 ft^ or 52.3 m2). By far, the 
largest outgassant source from the TPS will be the RTV 560 ad- 
hesive used with the RSI tiles. RTVs have been found to charac- 
teristically demonstrate an initial steady-state outgassing 
rate (OGR) of approximately 1 x 10“^g/cm^/second at 100°C. How- 
ever, this rate will be attenuated due to tile geometry and 
adhesive location and could be further reduced by curing and/or 
vacuum exposure time . Previous study activities reported in 
the Applicable Documents MCR-74-93 and MCR-74-474 assumed an 
average surface outgassing rate of 5 x 10”l-0g/cm 2 / second at 
100°C for the entire surface of the Shuttle Orbiter. Simulation 
testing at MSFC (Reference 1) of a section of TPS has since in- 
dicated that this tile configuration has a characteristic 
outgassing rate of 5 x 10"^-^g/cm / second at 100°C which confirms 
related outgassing contamination data presented in the above 
mentioned Applicable Documents. This rate has been used in 
this study and represents the baseline outgassing rate until 
changes occur in the planned materials for the Shuttle Orbiter 
TPS structure at which time new tests will be required to 
identify the characteristic outgassing rate for the TPS. 


During nearly all the orbital operations, the payload 
bay doors will be in an open position allowing the active 
thermal control system space radiators to be constantly exposed 
to space. In modeling these surfaces, a steady-state outgassing 
rate of 5 x 10” 10 g/cm 2 / second at 100°C was also assumed since 
the overall outgassing characteristics for this surface 'are as 
yet not established. 
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For specific payloads requiring particular cleanliness 
levels, the payload bay inboard cavity lower half will be en- 
closed with a payload bay liner for contamination control and 
insulation. This will most likely be a fabric liner consisting 
of some adhesives. The forward and aft ends of the payload 
bay will be covered with multilayered insulation material. The 
outgassing rates of the liner and bay end materials exposed to 
vacuum are inherently dependent upon several factors including 
surface temperature variations and extremes, accumulative ex- 
posure times to space environment, physical and chemical 
characteristics of the individual materials, and precure pro- 
cedures employed. To accurately describe the source 
characteristics of these surfaces, specific tests must be con- 
ducted. Therefore, for modeling purposes in this study, the 
steady-state outgassing rate of 5 x 10 "10g/cm2/ second at ioo°C 
was again assumed to be representative of outgassing as a 
contaminant source for these surfaces, 

Skylab contamination modeling indicated that the out- 
gassing rate of vacuum exposed nonmetallic material varies 
exponentially with surface temperature and exposure time de- 
scribed by the relationship: 

T-100 
/ 29 

OCR - OGR 1qo (e" /T ) (e ) 

2 

where; OGR = Outgassing rate in g/cm /second, 

OGR. A » = Initial steady-state OGR at 100°G in 
g/ cur - / second, 

t = Time in hours of vacuum exposure, 

T - Time in hours for OGR to decay to l/e (0.368) 
of its initial value. For space vehicles having 
orbits similar to Skylab* r ~ 4100 hours, 

T = Temperature of the outgassing surface in °C. 

T-100 

The temperature function e — — follows an equivalent 
activation energy temperature dependence near 8000 calories/ 
mole for low temperatures. At higher temperatures, the activa- 
tion energy falls between 10 and 15 Kcal/mole. Preliminary 
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results of the TPS panel test at MSFC indicates an activation 
energy near 15 Kcal/mole for a limited temperature range of 70 
to 125°C. 

Molecules outgassing from a surface generally demonstrate 
a distribution of the Lambert cosine law (cos 9/r^, where 0 is 
the angle from the surface normal and r is the distance from 
the surface to the point of interest within the distribution). 
Outgassing will be a continuous source of contamination through- 
out the entire on orbit periods of the Shuttle missions. The 
velocity at which the outgassants leave a surface will depend 
upon the surface temperature and the molecular weight of the 
outgassed molecules. The most probable velocity for outgassed 
molecules will be: 



where; 

v = Velocity of the outgassants in meters/ second, 

T - Temperature of the outgassants in degrees Kelvin, 

M = Molecular weight of the outgassants (M = 100) 
was assumed for this study. 

The major constituents and molecular weights of the out- 
gassants are of course dependent upon the materials used on the 
Shuttle Orbiter and the payloads. These include RTVs from 
binders, paints and sealants, and breakdown of long hydrocarbon 
organic chains,, Because of the wide variety of potential out- 
gassants an average molecular weight of 100 was assumed for 
this study. 

3. 2.1.2 Offgassing - Most nonmetallic materials such as 
RTVs demonstrate a period of relatively high mass loss upon 
initial vacuum exposure before reaching a characteristic steady- 
state outgassing rate. The initial offgassing rate and sub- 
sequent decay rate as a function of time is a strong function 
of manufacturing processes, assembly, ground handling, launch 
activity exposure, and material application procedures. The 
offgassing rate from mission to mission may decrease with time 
and continued vacuum exposure. 


The desorption rate of these adsorbed and absorbed vola- 
tile species decay to a characteristic steady-state outgassing, 
rate in 20 to 60 hours. An offgassing rate of 2.5 x 10"^g/cm^/ 
second at 100°C was used in the model and was assumed to be 
uniformly distributed over the entire Shuttle Orbiter external 
surfaces. This value is assumed to represent the offgassing 
rate near the 10 hour point on orbit and is a factor of 5 higher 
than the steady-state outgassing rate at 100°C measured during 
the MSFC TPS testing. 

The actual initial offgassing rate and time dependence 
will be determined from additional TPS testing being planned at 
MSFC. Preliminary results from the first MSFC test (Reference 
1) have shown this high rate loss period continues for approxi- 
mately 40 hours at which point it approaches the steady-state 
outgassing rate. The actual rate of the volatile species was 
not available from the first TPS test. 

As with outgassing, the offgassing rate is a function of 
the surface temperature. Therefore, the offgassing rate at any 
temperature is assume to be: 


0FR T OFR 100°C 


(T-100)/29 


where ; 


OFR^, = Offgassing rate as a function 
1 temperature in g/cm^/second, 

0FT^q 0 o c = 2.5 x 10 “^g/cm^/ second at 
T = Temperature of the offgassing 


of surface 

100°C at 10 hours, 
surface in °C. 


Other parameters of offgassing will be similar to those 
of outgassing. The plume distribution emitted from the source 
surface will be. a cos 0/r z function and the molecules will be 
emitted with a velocity of: 

v = 129 



where ; 
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v = Velocity of the offgassing molecules in meter/ 
second, 

T - Temperature of the offgassants in degrees Kelvin, 

M = Molecular weight of the offgassants (M = 18) 
was assumed for this study. 

3. 2. 1.3 Leakage - Leakage from the crew compartments of 
the Shuttle Orbiter will continuously emerge from structural 
seams, hatches, microscopic cracks, and seals around support 
hardware such as instrumentation feed-throughs. The crew com- 
partments will be pressurized to 14.7 psia (one atmos.) with 
62 and N 2 with the. nominal leakage rate estimated to be approxi- 
mately 7 lbs/day (3.18 kg/day). The Skylab leak rate was 
specified to 14 lbs/day (6.35 kg/day) and the measured value 
during the mission was approximately 3.75 lbs/day (1.70 kg/day). 
However, the Skylab internal environment pressure was approxi- 
mately 5 psia (0.34 atmos.) 

Leakage contaminants from these compartments will con- 
sist primarily of: 1 ) normal atmospheric gases, 2 ) internal 

materials and black box outgassing products, 3) astronaut by- 
products, 4 ) frictional erosion creating particles from materials 
subject to abrasion, and 5) evaporation from liquid sources. 

The normal cabin atmosphere leakage will not condense on 
most of the Shuttle Orbiter and Shuttle Orbiter /pay load sur- 
faces since these gases have desorption rates that exceed 
impingement rates of these gases. However, the potential of 
condensation will exist for cryogenically cooled surfaces as 
employed in infrared telescope payloads and associated sub- 
systems. The second source of leakage products is from outgassed 
materials in the crew compartment interior. Total contribution 
from this source to the contaminant environment should be 
negligible. The third source, astronaut by-products, are ele- 
ments and compounds such as CO 2 emitted orally and dermally 
plus flatus and some fecal and urine products which escape their 
containers and should also present no problem. The fourth 
source, frictional erosion particles, will in the majority of 
cases be too large to pass through microscopic leakage orifices 
and will be removed from the cabin atmosphere through the En- 
vironmental Control Life Support System (ECLSS) debris filters. 
The last source identified is vapor evaporated from liquid 
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sources. Much of this moisture will be collected by the ECLSS 
condensate system along with various condensibles and water 
soluble products in the atmosphere (although approximately 
0.076 lb/day (0.03 kg/day) of water vapor will be allowed to 
leak overboard) » 

Since the bulkhead between the cabin area and the payload 
bay area represents the largest probable area for cabin leakage, 
the leakage was modeled assuming that the total 7 lbs/day (3.18 
kg/day) leakage from the forward payload bay bulkhead. This in- 
cludes a 40 inch (101.6 cm) diameter Extravehicular Activity 
(EVA) hatch j a 16 inch (40.64 cm) diameter window, and numerous 
instrumentation feedthroughs which leak through this area. The 
effluents were assumed to be emitted in a cos 0/r^ distribution 
in an aft direction from this surface. The actual amount that 
Will leak from this area will require a further analysis of the 
cabin structure for most probable leakage points. Of the 7 lbs/ 
day (3.18 kg/day) leakage, the following constituents and frac- 
tion of mass flow rate were modeled: 


Constituent 


Mass Flow Rate 


0 


2 


1.625 lb/day 0.74 kg/day 



5.229 lb/day 2.37 kg/day 


0.076 lb/day 0.03 kg/day 
CO 2 0.070 lb/day 0.03 kg/day 

Leakage will be emitted in molecular form having a most 
probable velocity based on the molecular weight (M) of the in- 
dividual constituents and assuming a cabin environment 
temperature of 2o^C where: 



v = 413 meters/second (assuming average M = 29) 

3. 2. 1.4 Supplemental Flash Evaporator - During the nor- 
mal Shuttle Orbiter on orbit fuel cell operation, the fuel cell 
will generate on demand up to approximately 312 lbs (141.5 kg) 
of excess f^O/day which will be expelled overboard through 
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the supplemental evaporator vent system. The evaporator system 
will flash evaporate the excess water vapor to space through 
two nonpropulsive supersonic nozzles. The evaporator operates 
on an as required basis dependent upon the temperature difference 
between the incoming and out-going coolant. At a particular 
temperature difference, the evaporator operates in a pulsed mode 
until the temperature difference is within acceptable limits. 

The exact location for these nozzles is as yet to be determined. 
Therefore, a number of locations were extensively investigated 
in this study. The results of each location.- evaluation are dis- 
cussed in detail in subsection 3. A. 2. Through preliminary 
vacuum chamber testing of a candidate evaporator vent system at 
JSC (Applicable Document T-169-28 Vol VI) and from a semi- 
empirical analysis, the plume distribution from any one of the 
supersonic nozzles at a 16 lb/hr (7.26 kg/hr) flow rate was 
determined to be: 


for O°£0<36.8° 


for 36.8°<0 <148° 


where; 

2 

m = Mass flux rate per unit area in g/cm /second, 

0 = Angle from evaporator vent nozzle axis in degrees, 

r - Distance from nozzle exit plane to point of 
interest in centimeters. 

The plume distribution is depicted in Figure 18 for a 
nominal flowrate of 16 lb/hr (7.26 kg/hr). This test indicated 
that the fraction of mass expanding to angles greater than 90 
degrees varies between 0.001 and 0.002 for differing nozzle 
lengths . 

Molecular velocities of the expelled water vapor were 
modeled using the mean radial velocity relationship: 



1 


RADIAL DISTANCE FROM PLUME CENTERLINE (ft) 
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v =J 


2 7 RT 
( 7 -1)M 


where: y = c / c = 1.4, 

' p v 

R = Universal Gas Constant, 

T = 273 degrees Kelvin, 

M = Molecular weight (M-18, water) 


therefore; v 273°k = 1003 meters/second 


During the course of this study, a different evaporator 
system than tested was selected for the flight hardware. When 
this hardware becomes available for testing, updated data con- 
cerning the evaporator system will be reevaluated. It is felt, 
however, that the data presented herein is representative of 
the new evaporator system and the data presented may be indica- 
tive of the new evaporator performance. 


Figure 19 schematically shows the evaporator vent locations 
evaluated for this study. The evaporator vent location at 
X = 1392 is presented in the major sources summary table in sub- 
section 3. 2. 1.7 as the baseline location. Other locations eval- 
uated are discussed in subsection 3.4.2. 

3.2 .1.5 Vernier Control Subsystem (VCS) Engines - The 
VCS engines considered for this study were the six 25 lb (nominal) 
thrust vernier engines. Figure 20 shows the location and orien- 
tation of these engines. Two verniers are located forward of 
the cabin, one on each side. These engines exhaust primarily 
down (35 degrees off of -Z toward ±Y) . There are no surfaces in 
the direct f ield-of-View of these engines. However, in side and 
back flow, these engines can contribute to mass column densities 
for certain lines-of-sight and distances from the Shuttle Orbiter. 

Four verniers are located aft near the Orbital Maneuvering 
System (OMSj with two engines on each side of the Shuttle Orbiter. 
Each set of these verniers are positioned such that one engine 
each on both sides thrusts in the downward direction (-Z direction) 
The remaining verniers thrust in the port (-Y) and the starboard 
(+Y) direction. These rear vernier engines have the capability 
of directly impinging upon principle Shuttle Orbiter surfaces. 
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Figure 19. Shuttle Orbiter Baseline and Alternate Evaporator Vent Locations 
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In particular, the thrusters can impinge upon a considerable 
amount of wing area thus presenting an additional contaminant 
source in reflection. 

At present, there is insufficient information available 
regarding the specific design of these engines to justify a 
detailed analysis of the exhaust flow fields beyond that used 
in this study. Modeling of the flow fields was based upon a 
scaled down version of the Skylab Marquardt R-4D ^O^/MMH 100 lb 
thrust engine. An approach developed by Simons (Reference 2) was 
modified to establish a closed form analytical representation 
for the mass contained in the engine flow field for angles from 
0 to 140 degrees from the engine centerline. These angles encom- 
pass the major portion of the vernier engine flow field mass 
which can either be reflected or deposited on adjacent Shuttle 
Orbiter surfaces and contribute significantly to the induced en- 
vironment. Beyond 140 degrees, the experimental data of 
Chirivella and Simon (Reference 3) indicates the mass flux may 
approach a constant value becoming independent of 9. This obser- 
vation was injected into the present study by modifying the model 
of Simons so that it predicted a constant mass flux in the plume 
for angles greater than 140 degrees up to 180 degrees. 

From the modified approach of Simons, the mass flux from 
the 25 lb vernier RGS engines using the R-4D similarity for 
angles between 0 and 40 degrees and between 40 and 140 degrees 
from the engine centerline becomes: 

for 0°< 9<40° 


where; 2 

m = Mass flux rate per unit area in g/crri /second, 

r = Distance rrom the exit plane of the engine nozzle 

to the point of interest within the plume in centi- 
meters, 

9^ = 115 degrees, 

9 = Angle in degrees between 0 and 40 degrees from 

the engine axis. 
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m 


where; 


m 


^5.81/r 


-0.0467 (0 - 40°) 
e 


for 40°< 0 £140° 


= Mass flux rate per unit area 


in g/cm /second. 


r = Distance from the exit plane of the engine nozzle 
to the point of interest within the plume in 
centimeters, 

0 = Angle from the centerline of the engine in degrees 

for angles greater than 40 degrees and less than or 
equal to 140 degrees. 

For the back flow regions, the mass flux between 140 
degrees and 180 degrees from the engine centerline becomes: 

m = 5.81/r 2 e“ 4 * 67 for 140°< 0 < 180° 

where ; 

o 

m = Mass flux rate per unit area in g/cm /second, 

r = Distance from the exit plane of the engine nozzle 
to the point of interest within the plume in 
centimeters . 

A mean velocity of 3,505 m/second was assumed for this 
study. An estimate of the species concentrations in the VCS 
engine plumes for an oxidizer to fuel ratio of 1.636 (Reference 
4) is given below: 


Constituent 

Mole Fraction 

CO 

0.12861 

co 0 

0.04160 

H 2 

0.01163 

H 

0.16313 

ICO 

0.33876 

NO 

0.00062 

N 2 

0.30933 

0 

0.00027 

OH 

0.00582 

Li 

0.00023 
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No consideration was given in this study to condensation 
in the flow fields of the vernier engines. As mentioned pre- 
viously, these results are subject to the assumption that the 
Shuttle Orbiter vernier engines are similar in design to the 
scaled down Skylab R-4D engines. Depending upon the Shuttle 
Orbiter VCS engine injector design, the resulting flow fields 
will ! be subject to changes as a result of oxidizer to fuel stria- 
tion, thus providing unique flow fields which may not be adequate- 
ly represented by the Skylab R-4D plume description. However, 
reasonably good contamination effects data from Skylab RCS engines 
inflight deposition measurements and correlation with pre-Skylab 
mission ground test programs exists to base a preliminary VCS 
engine contamination impact analysis for the Shuttle Orbiter and 
payloads. In order to further establish validity of this approach, 
data from a Marquardt 25 lb thrust R1E-3 engine analysis was re- 
viewed and is presented below. 

a) Marquardt 25 lb Thrust R1S-3 Engine - A. preliminary 
investigation of the Marquardt 25 lb thrust RlE-3 engine flow 
field and a comparison to the flow field used in the VCS plume 
modeling efforts were performed. The RlE-3 engine exhaust has 
been modeled by the Method of Characteristics (MOC) program 
(Reference 5) . The preliminary calculations using the RlE-3 
flow field distribution show that this engine located at the aft 
-Z VCS location produces molecular column densities for LOS 1A 
and LOS 4A about 20% higher than the present modeled VCS engine 
flow fields. 

This is reasonably good correlation and lends support to 
the Skylab R-4D plume modeling approach used in this study for 
the VCS engine as well as the 900 lb RCS and 6000 lb OMS engines. 
The final selection of the VCS engine will dictate the actual 
flow fields to be used in a final analysis of the VCS engine 
contamination potential. 

3. 2. 1.6 Return Flux - With some Shuttle payloads plan- 
ning to operate at considerably lower orbital altitudes (200 km) 
than Skylab (435 km) and with anticipated cryogenically cooled 
payloads, the returned contaminants as a result of interacting 
with the ambient orbital environment may represent a significant 
eehtaminant source . 

The return flux of contaminants will be a function of a 
number of variables. These are: 
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a) the molecular size and weight of the contaminants 
leaving the Shuttle Orbiter and payloads; 

b) the velocity at which the contaminants leave 
the Shuttle Orbiter and payloads; 

c) the density and molecular size of the ambient 
atmosphere at a give orbital altitude; 

d) the orbital altitude; 

e) the attitude of the Shuttle Orbiter and the 
payload with respect to the velocity vector 
of the ambient atmosphere; 

f) the temperature of the surfaces of the Shuttle 
Orbiter and the payloads; 

g) the source locations and flux rates which 
comprise the induced environment; and 

h) the field-of-view of the payload, instrument, 
and surface in question. 

Figure 21 indicates how the return flux rate varies as a 
function of orbital altitude for a median ambient density at- 
mosphere assuming the contaminants in the return flux have a 
molecular weight of 18. As in the case of outgassing where the 
molecular weight was assumed to be 100, there will be a condi- 
tion where the return flux reaches a maximum and then begins to 
decrease with orbital altitude. This is discussed in subsection 
3.3.1. At Skylab altitudes (435 km), the return flux is a 
factor of 52.7 less than at a 200 km altitude for a given mass 
column density along a line- of- sight. The return flux is 
directly related to the number density of the ambient atmosphere. 
The median density at a given altitude is used in the modeling. 
This value will vary between orbital daytime and high sunspot 
activity and for orbital nighttime and low sunspot activity. 

At 200 km, the ambient molecular density can vary between 10^ 
to 10 10 molecules /cm®. At 435 km, the molecular density may 
vary between 10^ to 10® molecules/cm®. A median density of 
4.8 x 10® molecules/cm® at 700 km, 1.3 x 10® molecules/cm® at 
435 km, and 6.85 x 10^ molecules/cm® at 200 km has been used in 
all the return flux calculations presented in this report. 


100 200 300 400 500 600 700 800 900 

ORBITAL ALTITUDE (km) 

Figure 21. Return Flux as a Function of Orbital Altitude 
Normalized to 435 Kilometers 
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The density of the induced environment is calculated at 
each line-of-sight sphere location and is allowed to interact 
with the ambient atmosphere so that the return flux distribu- 
tion as based upon a hard sphere interaction for a specific 
contaminant molecule is established at this point. The 
scattered molecules are emitted in a cos 0 distribution that 
is aligned along the velocity vector or equivalently, with re- 
spect to the ambient molecule direction. Through geometry 
considerations, the fraction of the scattered contaminant 
molecules that can reach a representative surface or payload 
is then determined. 

For any given line-of-sight, the return flux of con- 
taminants for that line-of-sight will vary throughout an orbit. 
When the Shuttle Orbiter has solar oriented surfaces in atti- 
tudes similar to Skylab, they will see the maximum return flux 
as the Shuttle Orbiter comes from orbital midnight to orbital 
noon. The point of orbital sunrise will be the point of maxi- 
mum return flux when the velocity vector is aligned along the 
line-of-sight towards the payload bay. This would also be the 
period of maximum mass column density since the Shuttle Orbiter 
and payload surfaces are warming due to solar exposure and are 
outgassing at their highest rate. 

Just the opposite will be true for those surfaces whose 
viewing requirements require anti-solar lines-of-sigh't. In 
this case, maximum return flux will occur at orbital sunset 
when the mass column density is near a minimum since the 
Shuttle Orbiter and payload surfaces will be cooling and not 
outgassing as heavily. Before more detailed analysis for the 
return flux can be performed, the pointing requirements for an 
instrument and payload with respect to the velocity vector and 
the vehicle must be accurately determined. 

3. 2. 1.7 Summary of Major Sources - Presented in Table I 
is a summary of the major source? modeled in this study. This 
summary presents the duration/ frequency, constituents, plume 
shape function, velocity, and size parameter for each of the 
sources modeled. 

Those secondary sources such as reflections and subli- 
mation from the Shuttle Orbiter surfaces are a function of the 
modeled geometry, a cos 0/r^ distribution in reflection, the 
flowrate defined by the particular source, and a corresponding 



Table I. Major Sources Summary 


Major 

Sources 


Outgassing 


Duration/ 

Frequency 


Flowrate 


Constituents 


fs.c-tMOO 
Continuous >- (T-100) /29 


Offgassing 


f -0.14t 
Continuous r* a/e 
for first 100 3.0e - ‘®^^ C J 


l5.0e Hydrocarbon 

^ (T-100) /29 chain fragments 

. m -10’l . 2. RTV’s.etc. 

x 10 g/cm /sec * 

. Q -,-0.14t + 


Plume Shape 
Function 


cos 6 I r 


Velocity 


hours on- 
orbit 


• a/e -| Water 2 

. 0e”‘®'’'* t I light gases cos 6 /r 

(T-100) /29 . .-9 Volatiles 


m/i 


).4 ft m/ £ 


g/cm / sec 


Evaporator (2) I As Reqd. I 13. *6 kg/hr total | Water 


cos (1.01 0 ) /r 
[ol0<36.8 6 ] 

-.0773(0-36.8°) 

e 

r [36.8 < 0<148°] 


11012 m/sec 


Cabin Atmosphere 
Leakage 

Continuous 

3. 18 kg/day 

RCS Vernier 
Engines** 

As Reqd. 

40,8 g/min 
Avg. 40 msec 
pulse ea. 4.8 
sec— Y-P0P 
attitude at 
200 km 

Ambient 

Reflection 

— 10 to 30 min 
per orbit 

Varies with above 
sources & orbital 
attitude 



cos 6 /r 


Any of the 
above sources 


, „ 8.65 

(cos f’J&°<e<40 o ] 

e .0467(8-40 ) 3505 m/sec 

r 2 [40% 6<140 d l 

- a 

-2 [l 40 °<e< 180 °J 


cos 0/r from 
collision points 


Size 

Parameter 


Molecular Avg. 
M = 100 

Molecular Avg. 
M =18 

Molecular 
M = 18 


-p . Molecular Avg. 

i m/sec 6 

M 

M =29 




Varies with all 
above sources 


* Plume reflections off of structural surfaces (e.g. wings, experiment bay doors) are equivalent to a source equal 

to the plume impingement rate with a cos $/ r z distribution and a velocity of 30.4VT m/sec from the surface where T = 
surface temp. 

** RCS plume reflections off of structural surfaces are assumed to have a rate equal to the plume impingement rate with 
a cos 0/r 2 distribution and a velocity equal to 129 pF where T = surface temperature. 

y ti 



















plume shape function as given in Table I. These sources are not 
defined discretely since the geometrical relationships of the 
model preclude listing all the surface interactions in this re- 
port to define this type source. 

3.2.2 Other Sources - Other sources that were considered 
for specific analysis were the RCS 900 lb (nominal) thrust 
engines and the OMS 6000 lb (nominal) thrust engines. Their 
location for the aft port side of the Shuttle Orbiter are shown 
schematically in Figure 22. 

The flow fields of the 900 lb RCS engines were analytically 
modeled in the same manner as the VCS engines. The mass flow 
equations for the RCS 900 lb engines are: 



10 

1400 cos 

2 

r 




for 0° < 0 < 60° 


and 


m 


61. 32e 


-0.064(0-60) 

2 


r 


where 


for 6O°<0<18O° 


m = Mass flux rate per unit area in g/cm“/second, 

r = Distance from the exit plane of the engine 
nozzle to the point of interest within the 
plume in centimeters, 

0 - Angle off of the engine axis in degrees. 

The velocity of the molecular species was assumed to be 
3505 m/ second, as for the case with the VCS. 

The flow fields of the 6000 lb OMS engines were analytically 
modeled in a like manner to the VCS and RCS. The mass flow 
equations for the OMS engines are: 


OMS POD 
STRUCTURE 



1 


Figure 22. Shuttle Orbiter Aft Engine Cluster Geometric Relationships and Nodal Breakdown 
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m = 


m = 


tn = 


1.39 x 

1 

o 

i — 1 

2 

r 

J 



9.55 x 

io 3 

2 

r 




9.55 x 

10 3 

2 

r 



cos 


10 


(— ■ -M 

\ 2 170 ) 


-0.14 (0-30 ) 


-15.4 


for 0°< 0 <30° 


for 30° < 0 < 140° 


for 140°< 0 ^180° 


where 


m - Mass flux rate per unit area in g/cm /second. 


r = Distance from the exit plane of the engine 
nozzle to the point of interest within the 
' plume in centimeters. 

6 - Angle off of engine axis in degrees. 


The nominal velocity of the exhaust effluents has been 

determined from gas dynamic relationships to be 3694 m/second 

assuming a y (c /c ) of 1.2. 

p v' 


The RCS and OMS engines will be used during major orbital 
manuevers with the payload bay doors open. The major impact of 
these engines was preliminarily evaluated on the payload bay 
door radiator surfaces during this study and is presented in 
subsection 3.5.4. 


Other sources that may require additional studies consist 
of sources deemed secondary in nature compared to the major on 
orbit sources presented above; these can occur during on orbit, 
launch, and reentry mission phases. Those additional sources on 
orbit include such items as propellant system and hydraulic 
leakage, fuel cell vents, and airlock/EVA system effluents. 

Of the launch sources which include an assortment of 
compartment vents, engines and system vents, the Solid Rocket 
Booster separation motors and the External Fuel tank insulation 
ablation products may be the most significant contaminant sources. 




54 


This is true for two reasons: first, the products from each of 

these sources can impinge upon the Shuttle Orbiter external 
surfaces during launch and secondly, the exhaust products from 
each have the capability to deposit on the Shuttle Orbiter 
surfaces. The result is that these two sources can alter the 
surface properties of the external surfaces directly and/or 
become an additional on orbit source through sublimation of the 
deposits. Particles from these sources can also be trapped on 
the Shuttle Orbiter exterior surfaces and later be sloughed off 
durin b subsequent on orbit periods. 

The sources that occur during reentry which have not been 
included in the model but will be included in future studies 
are: 

a) Auxiliary Power Unit System exhaust outlets; 

b) Ammonia Evaporator Vent; 

c) primary evaporator vent 

d) APU steam generator; and 

e) hydraulic leakage. 

These reentry sources combined with the residual con- 
taminants present from launch and on orbit could possibly 
create a detrimental contamination source(s) for subsequent 
missions. Depending on cleaning requirements and refurbishment 
procedures, these additional residual sources or those acquired 
during cleaning/ refurbishment must eventually be considered as 
sources in the modeling of subsequent flights where the total 
contaminant environment is evaluated and ultimately compared to 
the current contamination control criteria for compliance. 

3.2.3 Reflection and Sublimation from Shuttle Orbiter 
Surfaces - The Shuttle Orbiter configuration geometrically pre- 
sents a source that Skylab essentially did not have. The 
Shuttle Orbiter wings and the payload bay doors present surfaces 
where contamination source effluents can be reflected from or 
deposit upon and sublimate. The operational nature of the 
Shuttle Orbiter essentially precludes any vents being located 
on the bottom side. Therefore, the majority of active sources 
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are all located on the top side where the payloads are also, 
positioned. The Shuttle Orbiter wings and payload doors will 
act as secondary contamination sources for surface outgassing, 
offgassing, evaporator venting, and VCS engine firings. 

Although these surfaces will be warm on orbit and deposi- 
tion from sources which produce H 2 O , CO 2 , 02> N 2 » etc., will not 
occur on these surfaces, the surfaces are capable of reflecting 
contaminants into lines-of-sight. In particular, the cryo- 
genically cooled payloads may under certain conditions condense 
these low molecular weight contaminants on their external 
operational surfaces and change the physical properties of the 
cryogenic surfaces. Of particular significance are the VCS 
engines, all of the four rear position 25 lb thrust forward 
flow fields are capable of impinging on portions of the Shuttle 
Orbiter wings and payload bay doors when they are open. Ex- 
perience from Skylab has shown that bipropellant engines such 
as currently planned for the Shuttle Orbiter will deposit con- 
taminants and under certain conditions will sublimate with time. 

On Skylab, 0.2 °L of the mass flux from docking manuevers using 
the R4-D engines on the Command Service Module that impinged ojj 
Q uartz Crystal Microbalance (QCM) surfaces at approximately 10 C 
condensed. The condensed engine contaminant desorbed to 1/e of 
the deposited material in 72 hours and the resulting deposition 
that did not sublime was approximately 207o of the original 
deposit. 

The reflection of plume impingement from both the evapora- 
tor system and the VCS were considered as a cos 0/r^ distribution 
with respect to the normal of the surface at a rate equal to the 
plume impingement rate. The reemission velocities were modeled 
as the most probable velocity based upon the temperature of the 
emitting surface and the molecular weight of the engine exhaust 
effluents . 

where; 



v = 30.4 V? for an assumed molecular weight of 18 s 


r 


! 
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where; 

v = Velocity in meters/second, 

T = Temperature in degrees Kelvin. 

This treatment of surface reflected species was arrived 
at following a literature survey of experimental work and con- 
tacts with investigators in this field. The following observations 
are pertinent to the decision to model the scattered molecules as 
described above: 

a) Molecules with large dipole moments (H 2 O, CO 2 , etc.) 
have long interaction times with a surface, thus 
allowing for more complete accommodation with a 
surface. The result is diffuse emissions. 

b) Molecules with incident energies less than 1 
to 2 eV exhibit diffuse scattering with 
surfaces. These energies correspond to veloci- 
ties of 1000 to 3000 meters/second for the 
molecules of interest. The engine molecular 
exhaust products are near 3500 meters/second 
and the evaporator exhaust near 1000 meters/ 
second and thus fall close to this energy range. 

c) A rough surface causes diffuse scattering of 
impinging molecules. 

d) Contamination on a surface (even fractions of 
a monolayer) tends to drive specular scatter- 
ing to diffuse scattering. Significant con- 
tamination results in total diffuse scattering. 

e) For the previous conditions, the scattered 
molecules have velocities indicative of the 
surface temperature impinged upon which 
implies complete accommodation. 

'f) Low incident impingement angles can introduce 
lobular scattering (approaching specular) for 
a very clean surface with none of the above 
conditions. 
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g) Specular scattering of molecules is very hard 
to obtain and requires ultra-high vacuum condi- 
tions, atomically smooth, well characterized 
surfaces, no contamination, and a unique gas 
and surface combination. 

h) The portion of the plumes impinging on the wing 
surfaces that can contribute to the lines-of- 
sight are in the near molecular and free molecular 
flow regime, thus approximating experimental 
conditions from which the results were obtained 
for the decision making process. 

i) For regions of the plume that are viscous (con- 
tinuum) or in the transition flow region from 
viscous to molecular and are impinging on the 
Shuttle Orbiter wing surfaces, the angle of 
incidence is near perpendicular. This would 
also allow diffuse scattering or sublimation 
from these surfaces which is also a diffuse 
process . 

Therefore, the available data appears to strongly support 
a cosine (diffuse) scattering from the Shuttle Orbiter surfaces 
(in particular the wings) for the conditions anticipated on 
orbit. 

In summary, since all of the engines and vents evaluated 
must necessarily be above the Shuttle Orbiter wings, the capa- 
bility of reflecting these effluents in most instances into the 
lines-of-sight exists. The net effect is a concentration of the 
overboard sources to the payload side of the vehicle. 

3.2.4 Boost and Reentry Contamination Sources - During 
launch and reentry the Shuttle Orbiter will be exposed to various 
contamination phenomena which dictate certain contamination con- 
trol measures to insure the integrity of sensitive payloads 
within the payload bay. The first steps in protecting sensi- 
tive payloads will be the use of a properly designed and attached 
payload bay liner which is a payload option. In addition, proper 
operation and timelining of the active payload bay vents and 
effective payload bay door seals will be important initial steps 
towards prevention of contaminants impacting the stowed pay- 
loads. The following additional precautionary measures are 
suggested. 


58 


a) insure that all sensitive payloads have aperture 
doors and that they provide an integral seal for 
the payload during boost and reentry and can be 
used as on orbit protective covers to minimize 
compromising the payload in the advent of an 
anomalous high contamination period; 

b) data acquired by the inflight contamination 
monitor package to be flown on the early Shuttle 
Orbiter flights should be reviewed to determine 
additional protective devices required for 
sensitive payloads to be flown on ensuing mis- 
sions; where applicable sensitive instruments 
should supply their own deposition indicators to 
determine when the instrument deposition charac- 
teristics are within acceptable limits; and 

c) delay cooling of sensitive elements until the 
environment is acceptable (as indicated by 
deposition monitors). 

3. 3 Shuttle Orbiter Induced Environment Predictions - 
This subsection presents a series of baseline tabular predictions 
for the modeled major Shuttle Orbiter sources contribution to 
the lines-of-sight (LOS 1A through 6A) identified previously. 
These baseline tabular results can be evaluated against the 
current applicable contamination control criteria for the on 
orbit induced environment as defined in Applicable Document 
JSC 07700 Volume X, Revision C. The applicable contamination 
control criteria are presented below for ease in assessment of 
the following tables and to understand how the Shuttle Orbiter 
induced environment relates to the current criteria. 


a) Fewer than 1 particle larger than 5 microns 
in the field-of-view of in instrument per 
orbit. 

b) Column density for water vapor less than 10 
molecules/cm^ (polar molecules). 

c) Background brightness from scattering or 
emission less than 20th magnitude/ sec^ in 
the UV range. 
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10 0 * 

d) Return flux of less than 10 molecules/ cm 4 "/ 

second. 

e) Control to 1 percent absorption from UV, visible, 
and RI radiation by condensibles on optical 
surfaces . 

The major Shuttle Orbiter sources presented in the following 
tables are outgassing, offgassing, cabin atmosphere leakage, 
supplemental evaporator, and VCS 25 lb thrust engines. Mini- 
mization studies have been performed for the two sources which 
deviate significantly from the above criteria. These sources 
are the evaporator and the VCS 25 lb thrust engines. The 
minimization studies are presented in subsection 3.4 and are 
discussed in detail therein. 

The return flux values presented for the orbital alti- 
tudes of 700 km, 435 km, and 200 km represent the range of 
orbital altitudes anticipated for many of the Shuttle missions. 
The 435 km case has been selected since it relates directly to 
the Skylab mission orbital altitude from which comparisons can 
be made, as applicable, to specific data obtained from the Skylab 
Program. ’ 

As presented in Figure 17, the return flux is based on a 
total field-of-view of 28 degrees (0.19 steradians) and cor- 
responds to a physical acceptance situation where L/D = 2 
(length to diameter ratio of a telescope tube) . To determine 
the return flux for angles greater than 28 degrees, the return 
flux can be multiplied by the ratio of the field-of-view in 
steradians to 0.19. This method will be accurate for viewing 
angles from 0 to 45 degrees. The values of return flux pre- 
sented in the following tables refer to the maximum return flux 
for the case where the velocity vector is parallel to the 
corresponding line-of-sight and excludes any contribution from 
the ambient atmosphere. The total return flux impact is an in- 
tegration of the return flux over a given mission profile. The 
values presented can be related to the above contamination con- 
trol criteria for return flux evaluation. 

3.3.1 Outgassing Induced Environment Predictions - . 
Table II presents the outgassing environment predictions for the 
lines-of -sight 1A through 6A, 
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Table II. Outgassing Induced Environment Predictions 
for the Shuttle Orbiter Configuration 


^VPredicted 
^'■‘P^rame ter s 

Line- of- Sigh t^ 

MCD 

(g/cm 2 ) 

NCD 

2 

(mol, / cm ) 

Return Flux (Max)* ** ^ 
(mol. / ctn/ second) 

700 km 

435 km 

200 km 

LOS 1A Max 

3. 1 (- 11)* 




~0 

Min 

1.4 (-12) 

mm 

mm 

4.1(9) 

~o 

LOS 2 A Max 

2 . 2 (-11) 

1.4(11) 

2.4(9) 

6.7(10) 

~0 

Min 

1.4(-12) 

8.8(9) 

1.5(8) 

4.1(9) 

~0 

LOS 3A Max 

2.7 (-11) 

1.7(11) 

2.9(9) 

7.9(10) 

~0 

Min 

1.4(-12) 

8.8(9) 

1.5(8) 

4.1(9) 

~0 

LOS 4A Max 

2.8 (-11) 

1.7(11) 

3.0(9) 

7.9(10) 

~o 

Min 

1. 2 (-12) 

7.2(9) 

1.3(8) 

3.5(9) 

-0 

LOS 5 A Max 

2.4(-ll) 

1.5(11) 

2.7(9) 

7.3(10) 

~0 

Min 

1. 3(-12) 

8.1(9) 

1.4(8) 

3.8(9) 

~o 

LOS 6 A Max 

3.8 (-11) 

2.4(11) 

4.1(9) 

1. 1.(11) 

~o 

Min 

1. 1(-12) 

6.6(9) 

1.2(8) 

3.1(9) 

~0 


* (- 11 ) = 10 

** Return flux predictions are for a 0.19 steradian field-of- 

view surface. Predictions for surfaces with differing fields- 
of-view will vary accordingly. 
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The outgassing rate was assumed to be 5 x 10 g/cm^/ 
second at 100°C. This rate was also measured during testing of 
a segment of Shuttle TPS panel at MSFC and thus corresponds to 
a steady-state value for the Shuttle Orbiter surface. Table II 
includes predictions for a maximum and minimum vehicle surface 
temperature. These temperatures correspond to a hot and cold 
portion of an orbit or a hot and cold vehicle attitude. The 
number column density is seen to vary from 10^ to 10^ molecules/ 
cm. For specific orbital attitudes, the external Shuttle 
Orbiter surface temperatures may result in small changes from 
these predicted values. Figure 23 graphically displays the 
density as a function of distance away from the Shuttle Orbiter 
for three lines-of-sight. Integration under these curves yields 
the mass column densities as depicted in Table II. 

The return flux values of the outgassing molecules at 
200 km are shown to be nearly zero. At 200 km, the mean free 
path of the outgassed molecules is less than one meter. (The 
average molecular weight Q and outgassing molecule size have been 
assumed to be 100 and 30A, respectively.) Under this condition, 
the outgassed molecules will not be able to travel along the 
line-of-sight when the ambient atmosphere velocity vector is 
capable of allowing return flux. The return flux is inversely 
proportional to the mean free path (MFP) and directly propor- 
tional to the mass column density (MOD) so that the return flux 
is proportional to the MCD/MFP. Therefore, as the ambient 
density increases with a decrease in altitude, the mean free 
path decreases causing an increase in return flux. However, as 
the mean free path decreases, the chance of a molecule inter- 
cepting a line-of-sight decreases when the ambient drag vector 
is oriented such that it carries it away from the line-of-sight. 
The net result is that the mass column density decreases faster 
(after some decreasing altitude is reached) than the collision 
frequency increases. There will be a condition near 250 to 
300 km that the return flux of outgassed molecules for a given 
mass column density is a maximum. 

As can be seen from Table II, the number column density 
and return flux for outgassing do not exceed the applicable 
stated criteria for the TPS type surface material being used 
for the Shuttle Orbiter. 

3.3.2 Offgassing Induced Environment Predictions - 
Table III presents the offgassing environment predictions for 
the lines-of-sight 1A through 6A. The presented table corresponds 


DENSITY (g/cm ) 
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Figure 23. Density as a Function of Distance for 
Outgassing (LOS 1A, LOS 2A, and LOS 3A) 


Table III. Offgassing Induced Environment Predictions 
for the Shuttle Orbiter Configuration 


Predicted 

Parameters 

MCD 

■j 

Return Flux (Max)* ** ' f 
(mol. /cm^/second) 

L i n e- o f - s'igh^S. 

(g/cm 2 ) 


700 km 

435 km 

200 km 

LOS 1A Max 
Min 

6. 5 (-11)* 
3. 0 (-12) 

2.1(12) 

9.9(10) 

1.3(9) 

6.0(7) 

4.0(10) 

1.8(9) 

2.0(12) 

9.0(10) 

LOS 2 A Max 

Min 

4.7 (-11) 
2. 9 (-12) 

1.6(12) 

9.6(10) 

9.3(8) 

5.7(7) 

2.8(10) 

1.7(9) 

1.4(12) 

8.7(10) 

LOS 3A Max 
Min 

5.5 (-11) 
3.0(-12) 

1.8(12) 

9.9(10) 

1.1(9) 

6.0(7) 

3.3(10) 

1.8(9) 

1.7(12) 

9.0(10) 

LOS 4 A Max 

Min 

6.0(-ll) 
2.6 (-12) 

2.0(12) 

8.5(10) 

1.2(9) 

5.3(7) 

3.3(10) 

1.5(9) 

1.8(12) 

7.7(10) 

LOS 5 A Max 
Min 

5 . O(-ll) 
2.8 (-12) 

1.7(12) 

9.0(10) 

1.0(9) 

5.7(7) 

3.0(10) 

1.6(9) 

1.6(12) 

8.3(10) 

LOS 6A Max 

Min 

8.0(-ll) 
2. 3 (-12) 

2.7(12) 

7.5(10) 

1.6(9) 

4.7(7) 

4.7(10) 

1.3(9) 

2.3(12) 

6.7(10) 


* (- 11 ) =10 

** Return flux predictions are for a 0.19 steradian field-of- 

view surface. Predictions for surfaces with differing fields- 
of-view will vary accordingly. 
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posure and was assumed to be 2.5 x 10“^g/cm /second at 100°C. 

The table includes a maximum and minimum vehicle surface tempera- 
ture profile. These temperatures correspond to a hot and cold 
portion of an orbit or a hot and cold vehicle attitude as in 
the case of outgassing. The number column density is seen to 
vary between 10-“ to 10^2 molecules/cm^. For specific vehicle 
attitudes, the external surface temperatures may result in small 
changes from these predicted values. Figure 24 graphically dis- 
plays the density as a function of distance away from the Shuttle 
Orbiter for three lines-of-sight. Integration, under these curves 
yields the mass column densities as depicted in Table III. 

The outgassing and offgassing rate time and temperature 
dependence data will be updated in subsequent modeling by 
utilizing results from continuing testing of the LRSI and/or 
HRSI configuration at MSFC. 

Offgassing as opposed to outgassing will have a return 
flux contribution at the lower orbital altitudes (200 km) since 
the mean free path for the offgassants at these altitudes is 
considerably longer than that of the larger outgassing molecules. 
(The average molecular weight and offgassing molecule size have 
been assumed to be 18 and 3$, respectively.) 

In some cases, the number column density and return flux 
for offgassing approach and/or exceed the applicable contamina- 
tion control criteria. However, until better test data is 
available, the source is considered not to present a contamina- 
tion problem unless early on orbit usage of cryogenic systems 
is contemplated. Even in this case, operational timelining and 
proper attitude control will minimize this effect from this 
source for those susceptible payloads. 

Many times it is desirable to determine the contribution 
from specific surfaces of the Shuttle Orbiter. Table IV shows 
the results of such an analysis for three lines-of-sight. This 
type of analysis allows detailed continuity checks of the model- 
ing and demonstrates the versatility of the model for specific 
investigations. For example, the one-half mass column density 
distance from the vehicle for each major surface area is im- 
portant for determining the emission capabilities of the 
molecules as background sources. This information has been used 
for analysis of the impact of the predicted induced environment 
on infrared facilities. 


DENSITY (g/cm ) 
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DISTANCE ALONG LINE-OF-SIGHT (cm) 


Figure 24. Density as a Function of Distance for 
Offgassing (LOS 1A, LOS 2A, and LOS 3A) 


Table IV. 


Maximum and Minimum Outgassing and Offgassing Contributions to the Mass Column 
Density (MCD) and Distance to One-Half-MCD for Various Orbiter Surfaces 


to % MCD 
(cm) 


Surface 

Temp. 

r 

% MCD of LOS 1A 
(g/cm 2 ) 

! 

Distance 
to % MCD 
(cm) 

% MCD of LOS 2A 
(g/cm 2 ) 

r 

Distance 
to % MCD 
(cm) 


(°c) 

Out 

Off 

Out 

Off 

Wings 

Max 

k 

s=14 

B=13 

4. 7 (-12) 

l.O(-ll) 

8143 

4. 2 (-12) 

8.9(-12) 

1 

2666 

Min 

S=-68 

B=-64 

3. 0(-13) 

6. 4 (-13) 

7986 

2. 7 (-13) 

5 . 7 (-13) 

2661 

Tail 

Max 

"kit 

S=UNKN 

B=10 

6.6 (-14) 

1.4 (-13) 

1755 

3.0(-13) 

6. 3(-13) 

5163 

Min 

S-UNKN 

B=-45 

8.4(-15) 

1.8 (-14) 

1754 

3.6 (-14) 

7.6 (-14) 

5137 

Radiator 

Max 

S=4 82 

B=N/A+ 

1.5 (-12) 

3. 2 (-12) 

6468 

1.7 (-12) 

3.5 (-12) 

2129 

Min 

S=-6 38 

B=N/A 

7.6 (-13) 

1 . 6 (-12) 

6470 

8. 3(-13) 

1. 8(-12) 

2126 




S=73 

B=60 

S=-98 

B=-81 


S=93 

b=n/a+ 

S=-26 

B=N/A 


Fuselage | S==UNKN 

B=33 
S=UNKN 
B=-68 


S=SURFACE 

B=BOKDLINE 


1.3 (-12) 2 . 7 (-12) 12850 1.3(-12) 2.8(-12) 12823 5.2(-12) l.l(-ll) 8934 

2. 0(-14) 4.2(-14) 12850 2.1(-14) 4.4(-14) 12823 8.1(-14) 1.7(-13) 8934 


9.2(-12) 1.9 (-11) 2847 5.8(-12) 1.2(-11) 3369 l.l(-ll) 2.3(-ll) 971 

1.8 (-13) 3.9(-13) 2847 1.2(-13) 2.5(-13) 3369 2.1(-13) 4.5(-13) 971 


1.4(-il) 3.0(-ll) 4878 8. 6 (-12) 1.9(-11) 6394 4.6(-12) 9.8(-12) 

1.3(-13) 2.8(-13) 3255 1.0(-13) 2.2(-13) 3860 6.7(-l4) 1.5(-13) 



** UNKN= UNKNOWN 


+ N/A=N0T APPLICABLE ++ 4. 7 (-12) = 4.7x10 
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In Table IV, the offgassing values presented are for the 
10 hour period on orbit. To obtain values for a 24 hour period, 
divide the offgassing values by 2.5. The temperature data 
is an average for each major group. Tor example, the wings have 
several temperatures involved over their surface area. The 
temperature includes the average bondline temperature, if known, 
and the average surface temperature, if known. 

The fuselage row in the table includes all surfaces not 
included by the other major surface areas. These are the OMS 
pods, the Shuttle Orbiter rear top surfaces, the large main 
engine bells, and the sides of the Shuttle Orbiter. 

3.3.3 Cabin Atmosphere Leakage Induced Environment 
Predictions - Table V presents the cabin atmosphere leakage in- 
duced environment predictions for the lines-of-sight 1A through 
6A for a leak rate of 3.18 kg/day. Figure 25 graphically dis- 
plays the density as a function of distance away from the Shuttle 
Orbiter for several lines-of-sight. Integration under these curves 
yields the mass column densities as depicted in Table V, The 
number column density is seen to be in the range of 10 1 " 3 mole- 
cules/cm^ (10^ polar molecules/cm^) for all lines-of-sight and 
does not exceed the stated criteria. However, the return flux 
from the leakage does exceed the stated criteria by an order 
of magnitude but is felt not to be a concern since the majority 
of the constituents of the leakage will not condense at the 
temperatures of the majority of the surfaces. The variation be- 
tween the lines-of-sight is small and indicates the leakage 
source contributes uniformly to the portions of the lines-of- 
sight that are near the Shuttle Orbiter. 

The pressurized cabin area leakage will be a steady-state 
source, unlike outgassing and offgassing. The percent of the 
molecular number column density constituents which make up the 
cabin leakage is; 


a ) 

°2 - 

23%; 

b) 

n 2 - 

75%; 

c ) 

C° 2 

- 1%; 

d) 

h 2 o 

- 1%. 


and 
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Table V. Leakage Induced Environment Predictions 
for the Shuttle Orbiter Configuration 


^Predicted 

Parameters 

Line- o f -SigJit^,^ 

MCD 


Return Flux (Max ) ** 

n 

(mol, / cm z /second) 

(g/cm ) 


700 km 

435 km 

200 km 

LOS 1A 

1.0 (-9)'* 

2.2(13) 

1.2 (10) 

3.7(11) 

1.9(13) 

LOS 2A 

9. 9 (-10) 

2.2(13) 

1.2(10) 

3.7(11) 

2.0(13) 

LOS 3A 

l.l(-9) 

2.3(13) 

1.3(10) 

3.9(11) 

2.1(13) 

LOS 4A 

8. 8 (-10) 

1.9(13) 

1.1(10) 

3.2(11) 

1.7(13) 

LOS 5 A 

1. 6(-9) 

3.5(13) 

2.0(10) 

5.6(11) 

3.1(13) 

LOS 6A 

8. 6(-10) 

1.9(13) 

1.1 (10) 

3.2(11) 

1.7(13) 


* (-9) = 10 ' 

** Return flux predictions are for a 0.19 steradian field-of- 

view surface. Predictions for surfaces with differing fields- 
of-view will vary accordingly. 

***Polar molecules constitute approximately 2% of the values 
presented. 


4 
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3.3.4 Supplemental Evaporator Induced Environment Pre- 
dictions - The Shuttle Orbiter supplemental evaporator system 
can contribute significantly to the mass column densities of 
lines-of-sight depending upon the evaporator vent location on the 
Shuttle Orbiter. For this subsection, the evaporator contribu- 
tions to LOS 1A through 6A are established for the baseline 
evaporator vent location at X = 1392, Y = ±113 and Z = 323. 

Table VI presents the evaporator induced environment pre- 
dictions for a flowrate of 6.8 kg/hr/vent. The -Y evaporator 
vent contribution corresponds to the side of the Shuttle Orbiter 
the lines-of-sight view out of the (X, Z) plane. The +Y 
evaporator vent contribution corresponds to the evaporator vent 
on the other side of the Shuttle Orbiter. For lines-of-sight 
in the (X, Z) plane (LOS 1A, 5A, and 6A) , the contributions are 
the same from symmetry considerations. Figure 26 graphically 
displays the density as a function of distance away from the 
Shuttle Orbiter for three lines-of-sight. Integration under, 
these curves yields the mass column densities as depicted in Table 
VI. 

At this location, the evaporator effluents also reflect 
off of the wings and are a significant contributor to the lines- 
of-sight. For lines-of-sight in the (X, Z) plane, this is the 
only contribution from the evaporator. The molecular number 
column densities are seen to vary between 1Q13 and 10^ mole- 
cules/cm^ for the baseline evaporator location for LOS 1A 
through LOS 6A. 

Since the evaporator's contribution to all the established 
lines-of-sight exceeds the applicable contamination control 
criteria, several alternate locations were analyzed to determine 
if a more suitable location could be found to minimize this con- 
taminant source. The results of these activities are discussed 
in detail in the subsection 3.4.2. 

3.3.5 Vernier Control System (25 lb Thrust Engines') In- 
duced Environment Predictions - The VCS engines can contribute 
to the lines-of-sight at the baseline position by direct flow 
from the engine as well as wing reflections, as does the 
evaporator vent system. These contributions are instantaneous 
in nature, occurring only during engine on time. Reflections 
are considered to occur instantaneously being equivalent to a 



Table VI. Shuttle Orbiter Baseline Evaporator, X = 1392, Induced Environment Predictions 


Predicted 

^^Parameters 

MOD (g/cm^) 

WCD 

2 

Re 

(me 

turn Elux (Ma> 
2 

>l./cm /second) 

^ ** 

Line-of-Sight/ 

Evaporators^ 

Direct 

Impingement 

Wing 

Reflection 

Total 

x. 0 / uiu j 
Total 

700 km 

435 km 

200 km 

LOS 1A 
-Y Evap. 

0 

2.6 (-9) 

2.6 (-9) 

8. 7 (+13) 

5. 3 (+10) 

1.4 (+12) 

7. 9 (+13) 

+Y Evap . 

0 

2. 6 (-9) 

2.6(-9) 

8. 7 (+13) 

5 . 3 (+10) 

1.4 (+12) 

7. 9 (+13) 

Both 

0 

5 . 2 (-9) 

5.2(-9) 

1.7 (+14) 

1.1 (+11) 

2. 9 (+12) 

1. 6 (+14) 

LOS 2A 
-Y Evap . 

3. 3 (-9)* 

6.3(-9) 

9. 6(-9) 

3. 3 (+14) 

1.9 (+11) 

5. 3 (+12) 

2. 8 (+14) 

+Y Evap . 

0 

2. 6 (-11) 

2.6 (-11) 

8.5 (+11) 

5. 3 (+8) 

1.4 (+10) 

/ . 6 (+11) 

Both 

3.3(-9) 

6 . 3 (-9) 

9.6(-9) 

3. 3 (+14) 

1.9 (+11) 

5. 3 (+12) 

2. 8 (+14) 

LOS 3A 
-Y Evap. 

4. 6 (-10) 

6 • 3 (-9) 

6. 8 (-9) 

2. 3 (+14) 

1.3 (+11) 

4.0 (+12) 

2.0 (+14) 

+Y Evap . 

0 

4. 9 (-10) 

4. 9(-10) 

1.6 (+13) 

9. 9 (+9) 

2. 8 (+11) 

1.4 (+13) 

Both 

4.6 (-10) 

6 . 8 (-9) 

7.4(-9) 

2. 4 (+14) 

1.4 (+11) 

4. 3 (+12) 

2.1 (+14) 

LOS 4A 
-Y Evap. 

1.7 (-9) 

9.8 (-9) 

1. l(-8) 

3. 8 (+14) 

2. 2 (+11) 

6 . 3 (+12) 

3. 3 (+14) 

+Y Evap. 

0 

4.4(-12) 

4.4(-12) 

1.4 (+11) 

8.6 (+7) 

2. 4 (+9) 

6. 6 (+9) 

Both 

1.7 (-9) 

9.8 (-9) 

1. l(-8) 

3. 8 (+14) 

2. 2 (+11) 

6. 3 (+12) 

3. 3 (+14) 

LOS 5 A 
-Y Evap. 

0 

1.3 (-9) 

1.3 (-9) 

4.1 (+13) 

2. 5 (+10) 

6. 9 (+11) 

3. 6 (+13) 

+Y Evap. 

0 

1.3 (-9) 

1.3 (-9) 

4.1 (+13) 

2.5 (+10) 

6. 9 (+11) 

3. 6 (+13) 

Both 

0 

2.6(-9) 

2. 6 (-9) 

8. 2 (+13) 

5.0 (+10) 

1.4 (+12) 

7. 3 (+13) 

LOS 6A 
-Y Evap. 

0 

2.4(-9) 

2.4(-9) 

7. 9 (+13) 

4. 6 (+10) 

1.3 (+12) 

7. '3 (+13) 

+Y Evap . 

0 

2.4(-9) 

2.4(-9) 

7. 9 (+13) 

4.6(+10) 

1.3 (+12) 

7. 3 (+13) 

Both 

0 

4. 8 (-9) 

4. 8 (-9) 

1.6 (+14) 

9. 2 (+10) 

2. 7 (+12) 

1 . 4 (+14) 


* (-9) = 10‘ 9 . 

** Return flux predictions are for a 0.19 steradian field-of-view surface. Predictions for surfaces wit 

differing fields -of -view will vary accordingly. 
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source equal to the plume impingement rate with a Lambertian 
distribution assuming thermal accomodation at the surface. 

Table VII presents the VCS engines induced environment 
predictions. Each engine contribution is delineated since each 
may fire independently. The duration of each engine pulse and 
firing frequency depends on the orbital altitude and vehicle 
attitude. An indication of this firing frequency is presented 
in the following subsection 3. 3.5.1. The engine locations 
are shown in Figure 20 for the baseline position. Table VII 
includes contributions of the VCS engines on both sides of the 
vehicle to the lines-o£-sight. The values presented for the 
forward VCS engines result from backflow taking into account 
Shuttle Orbiter fuselage shadowing. Even though structure in 
the near vicinity of these engines tends to lessen the backflow 
contributions, it is assumed that due to skin line tracking of 
the engine effluents and other geometric considerations that 
these engines will contribute to the modeled lines-of-sight at 
certain distances and line-of-sight positions. Figure 27 
graphically displays the density as a function of distance away 
from the Shuttle Orbiter for three lines-of-sight. Integration 
under these curves yields the mass column densities as depicted in 
Table VII. 

12 

The molecular number column densities vary between 10 
to lO 1 ^ molecules/cm“ for LOS 1A through 6A. As in the case of 
the evaporator, the contributions to the established lines-of 
sight exceed the applicable contamination control criteria. 
Minimization studies for the VCS engines were also conducted to 
see if their contribution to the lines-of-sight could be mini- 
mized. These are presented in subsection 3.4.1. 

The VCS engine firings or duty cycles will be highly 
dependent upon attitude and pointing requirements for the pay- 
load* Depending upon intended operational activities, the VCS 
system could or could not be of major concern. Under certain 
conditions the VCS engines could be considered as almost a. con- 
tinuous source of contamination. 

3. 3.5.1 VCS Duty Cycle Variations - As previously stated, 
the VCS firing frequency depends on orbital altitude and vehicle 
attitude and pointing requirements. An idea of firing frequency 
extremes can be ascertained from preliminary VCS duty cycle in- 
formation supplied by Rockwell International (Reference 6). The 
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Predicted 

'* ** *** ****>> > > ^^Parame ter s 

Line-of-Sight 


(g/ cm2) 


Direct 


2 

(mol./ cm ) 


Return Flux (Max) 
2 

(mol. /cm /second) 


Direction 

Impingmt. J 

Reflection] 

Total | 

Total J 

700 km j 

435 km | 

200 km 

LOS 1A 

2.4(-10) 







AFT -Z* 

1.8(-8) 

1.8(-8) 

4.4(+14) 

2.7(11) 

7.6(12) 

3.9(14) 

AFT Y* 

1.9(-9) 

6.3(-9) 

8.2(-9) 

2.0(+14) 

1.2(11) 

3.4(12) 

1.8(14) 

FVID Y/Z* 

1.6(-10) 

0 

1.6(-10) 

3.9(+12) 

2.3(9) 

6.6(10) 

3.4(12) 

LOS 2A 








AFT -Z 

7. 3 (-10) 

3,3(-8) 

3.4(-8) 

8. 3 (+14) 

4.9(11) 

1.4(13) 

7.3(14) 

** 

AFT -Z 0 

0 

3.0(-10) 

3.0(-10) 

7. 3 (+12) 

4.4(9) 

1.2(11) 

6.6(12) 

AFT Y 

2.0(-8) 

1.0(-8) 

3.0(-8) 

7. 3 (+14) 

6.8(11) 

1.2(13) 

6.6(14) 

AFT Y 

0 

2. 9(-10) 

2. 9 (-10) 

7. 1(+12) 

4.1(9) 

1.2(11) 

6.3(12) 

FWD Y/Z 

l.3(-9) 

0 

1.3(-9) 

3. 2 (+13) 

1.9(10) 

5.4(11) 

2.9(13) 

FWD Y/Z 

0 

0 

0 

0 

0 

0 

0 

LOS 3A 








AFT -Z 

3.4(-10) 

3.4(-8) 

3.4(-8) 

8. 3 (+14) 

4.9(11) 

1.4(13) 

7.3(14) 

** 

AFT -Z q 

0 

2.7 (—9) 

2. 7 (-9) 

6. 6 (+13) 

3.9(10) 

1.1(12) 

5.9(13) 

AFT Y 

6.2(-9) 

8, 9(-9) 

1.5 (-8) 

3. 7 (+14) 

2.2(11) 

6.3(12) 

3.2(14) 

AFT Y o 

0 

3. 5 (-9) 

3.5 (-9) 

8. 5 (+13) 

5.1(10) 

1.5(12) 

7.6(13) 

FWD Y/Z 

4.5(-10) 

0 

4.5 (-10) 

1.1 (+13) 

6.6(9) 

1.9(11) 

9.8(12) 

FWD Y/Z 

0 

0 

0 

0 

0 

0 

0 

LOS 4A 








AFT -Z 

.5. 4 (-10) 

5.8(-8) 

5.9(-8) 

1.4 (+15) 

8.5(11) 

2.4(13) 

1.3(15) 

** 

AFT -Z q 

0 

7.9(-ll) 

7.9(-ll) 

1.9 (+12) 

1.1(9) 

3.2(10) 

1.7(12) 

AFT Y 

2. 2(-8) 

1.3 (—8) 

3.5(-8) 

8.5 (+14) 

5.1(11) 

1.5(13) 

7.6(14) 

AFT Y 

0 

6. 3 (-11) 

6.3(-ll) 

1.5 (+12) 

9.3(8) 

2.7(10) 

1.4(12) 

FWD Y/Z 

6.4(-10) 

0 

6.4(-10) 

1.6 (+13) 

9.3(9) 

2.7(11) 

1.4(13) 

FWD Y/Z 

o 

0 

0 

0 

0 

0 

0 

0 

LOS 5A 








AFT -Z* 

2.1 (-11) 

7.4(-9) 

7.4(-9) 

1.8 (+14) 

1.1(11) 

3.2(12) 

1.6(14) 

AFT Y* 

2. 9 (-10) 

3.0(-9) 

3.3(-9> 

8.1 (+13) 

4.9(10) 

1.4(12) 

7.3(13) 

FWD Y/Z* 

1.1 (-10) 

0 

1,1 (-10) 

2. 7 (+12) 

1.6(9) 

4.6(10) 

2.4(12) 

LOS 6A 








AFT -Z* 

1.4(-10) 

3.2(-8) 

3.2(-8) 

7. 8 (+14) 

4.7(11) 

1.3(13) 

7.1(14) 

AFT Y* 

3.1(-9) 

7.K-9) 

1.0 (-8) 

2. 4 (+14) 

1.5(11) 

4.1(12) 

2.2(14) 

FWD Y/Z* 

0 

0 

0 

0 

0 

0 

0 


* Due to symsfttry of this line-of-sight with respect to verniers, contributions to ifc from 
opposite side verniers are equal to values presented, 

** Contribution to line-of-sight from vernier on opposite side of vehicle (Z , ¥ , Y/Z ) 

-10 

*** (- 10 ) - 10 

**** Return flux predictions are for a 0.19 steradian fleld-of-view surface. Predictions for 
surfaces with differing fields-of-view will vary accordingly. 
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Figure 27. Density as a Function of Distance for Z Aft 
VCS Engine (LOS 1A, LOS 5A, and LOS 6A) 
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worst and best case, based on total fuel usage per orbit, were 
investigated for both inertial and local vertical attitudes. 

The time between engine firings and the duration of each firing 
are averages for each engine. Figures 28 and 29 show the mole- 
cular number column density as a function of time for 5% of an 
orbit for an inertial attitude worst and best case, respectively . 
Figures 30 and 31 are similar plots for local vertical worst 
case and best case, respectively . The time scale for the best 
case has been expanded so that all independent engine firings 
are included. These plots essentially repeat in time so that 
the sequence shown will apply throughout an orbit. The inte- 
grated number column density averaged over time is less than the 
lO 1 ^ molecules/cin shown and will meet the criteria providing 
the integrated effect doss not impact a given instrument or pay- 
load, However, the cyclic short high number column density, 
periods seen in Figures 28 to 31 may be detrimental for specific 
payloads. 

What is evident is that total fuel usage per orbit is not 
the only concern from a contamination viewpoint. What appears 
to be the most important considerations are the firing duration 
for each pulse and the number of pulses for a given time period. 
Short engine firing times result in a high frequency of pulses 
during an orbit. For example, the worst case inertial attitude 
(Figure 28) uses 29.3 lb (13.3 kg) of fuel per orbit and has the 
higher frequency of pulses because of the shorter pulse width 
required for keeping the local vertical attitude. 

These duty cycles are based on a 0.3 degree deadband re- 
quirement. As the deadband limit decreases to 0.1 degree, the 
frequency of short pulsed firings -may significantly increase. 

On the other hand, payloads using the Instrument Pointing System 
(IPS) for fine pointing will most likely require minimal 
usage of the VCS engines through less restrictive deadband re- 
quirements . 

There are other vehicle attitudes (e. jy. , gravity gradient) 
that will require only limited VCS firings which should not sig- 
nificantly impact even the most sensitive payloads. Payload 
groups should assess their attitude requirements for a mission so 
that a minimum VCS duty cycle can be utilized. 

3 . 4 Contaminant Induced Environment Minimization Studies 
A major portion of this contract involved minimization studies 
of the contamination impact of the VCS engines and the evapora- 
tor vent as a result of their baseline locations significantly 
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Figure 28 „ Worst Case Inertial VCS Engine Firing Frequencies 
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Figure 30. Worst Case Local Vertical VCS Engine Firing Frequencies 
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Figure 31. Best Case Local Vertical VCS Engine Firing Frequencies 




exceeding certain aspects of the current contamination control 
criteria. The approach taken was to evaluate relocation and 
canting of the VCS engines and evaporator vent from their base- 
line locations. After a reasonable number of locations and 
canting combinations were evaluated it was hoped that decisions 
could then be made as to the best location and optimum orienta- 
tion of these sources. This approach soon became complicated 
in that other systems became involved (e.g.* guidance and con- 
trol, structures - volume constraints , thermal, etc. ) in that 
only a contamination viewpoint was not sufficient in the evalua- 
tion process. In addition, optimizing the evaporator vent 
location., in some instances ? required additional VCS usage be- 
cause of undesirable forces generated by the evaporator vent 
which has to be compensated for in altitude control by the VCS 
engines . 

The predictions for the lines-of-sight in these minimiza- 
tion studies do not include all of the baseline lines-of-sight 
as presented in subsection 3.3. A limited number of these lines- 
of-sight were evaluated to establish a trend or to determine in 
a broad sense the impact of a location or orientation change. 
Additional lines-of-sight to the baseline lines-of-sight LOS 1A 
through LOS 6A were required for evaluation in specific analysis 
situations. 

The following subsections are intended to present the 
analysis results of the significant contaminant minimization 
studies performed during the contract activity. The evaporator 
results have been updated ^for this report to include the current 
15 lb/hr (6.8 kg) per nozzle evaporator flowrate (which was at 
5.5 lb/hr (2.5 kg) per nozzle at the initiation of this study). 

3.4.1 Vernier Control System (VCS) 25 lb Engines - The 
VCS engines contribute engine exhaust products to lines-of- 
sight by forward flow of the engine exhaust plume, backflow 
(greater than 90 degrees with respect to the engine axis) of the 
engine exhaust, or by wing reflections of the exhaust products. 
The wing reflections contribute significantly to all lines-of- 
sight and almost exclusively to lir.es-of-sight in the (X, Z) 
plane which are shielded from direct flow by Shuttle Orbiter 
surfaces. The forward flow and backflow primarily contribute 
to lines-of-sight out of the (X, Z) plane. Tor specific lines- 
of sight, the VCS engine contributions do not decrease contin- 
uously as a function of distance away from the Shuttle Orbiter 


because of shadowing considerations from other surfaces between 
the engine and the line-of-sight in question. 

The VCS contamination contribution to the induced atmos- 
phere and surface deposition will be highly dependent on the 
mission profile for a specific payload. Parameters that are 
most important are frequency of VCS firings required to main- 
tain a specified deadband, duration of each firing sequence, 
attitude of the Shuttle Orbiter during each firing, viewing 
direction of a payload and the Shuttle Orbiter velocity vector 
during each firing, payload f ield-of-view and exposure times, 
payload sensitivity to exhaust products, and payload critical 
surface temperatures. The contamination potential of the VCS 
on the payload bay door radiator surfaces is treated separately 
and is included in subsection 3.5.4. 

The following subsections encompass the many variations 
possible that were investigated during this study in an effort 
to understand and minimize the contamination potential of the 
VCS engines to the lines-of-sight. 


3.4. 1.1 VCS Baseline Location - To date the positions 
of the baseline VCS locations are: 


Thruster 

Location 



Firing Direction 

— ... ... — 

X 

Y 

Z 

1 

323.5 

46.0. 

373.5 

35° from -Z, towards 

+Y 

2 

323.5 

-46.0 

373.5 

35° from -Z, towards 

-Y 

3 

1565.0 

-134.0 

459.0 

-Y 


4 

1565.0 

-118.0 

457.0 

-Z 


5 

1565.0 

118.0 

457.0 

-Z 


6 

1565.0 

134.0 

459.0 

+Y 



These locations and firing directions are schematically 
illustrated in Figure 20 and were used to establish the model 
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gepmetry for these studies. The VCS coordinates presented .above 
correspond to the injector throat portions of the engines. Since 
the exit plane of the engine bell is required 'for modeling, its 
position was placed 6 inches (15.2 cm) downstream from the co- 
ordinates presented above. 

Table VII lists the mass column density, the molecular 
number column density, and the maximum possible return flux at 
several altitudes for the baseline locations shown above. The 
return flux calculation is based on a median ambient atmosphere 
density at each altitude. Depending on sunspot activity the 
nighttime and daytime variations from the mean could be an 
order of magnitude. 

3.4. 1.2 Aft VCS Engine Canting - In order to reduce the 
VCS engine contributions to mass column densities (resulting 
mainly from wing reflections), the aft VCS engines were canted 
in the model at the baseline position to reduce the amount re- 
flecting off of the'Wings. The Y facing VCS engines were canted 
10 and 20 degrees from +Y towards +X (aft) and the -Z facing 
VCS engines 10 and 20 degrees from -Z towards +X. Calculations 
were made for specific lines-of-sight to determine the range of 
differences observed in the mass and molecular number column 
densities for the cdnted engines when compared to the baseline 
configuration. (See Figures 7 through 16 for line-of-sight 
descriptions.) 

Table VIII summarizes the results for the canted engine 
evaluation. The results show that the Y aft engine decreases 
the mass column density approximately 357. and 657, for a 10 de- 
gree and 20 degree cant, respectively. The -Z aft engine 
decreases the mass column density by 447. and 637. for a 10 
degree and 20 degree cant, respectively. The molecular column 
number density still exceeds lO 1 molecules/cnv in all cases 
even though LOS 8F has the lowest number column density for 
engine contributions for the cases evaluated. 

3.4. 1. 3 Elevon Canting - The wing reflection contribu- 
tion from the aft VCS engines can be further reduced by canting 
the wing elevon down from its normal closed position. This 
surface receives the highest flux from the aft VCS engine ex- 
hausts and is normally at 12 degrees with respect to the X axis 
in a closed position. By rotating the elevon down about the Y 


Table VIII. Changes in Mass Column Density (MCD) and Molecular Number Column Density (NCD) 
for Canted Aft VCS Engines Resulting from Wing Reflections 


Line»of*S ight 
Engine 

LOS 1A 

MCD NCD 

2 2 
(g/cm ) (mol. /cm ) 

LOS 

MCD 

(g/cm 2 ) 

4A, 

NCD 

2 

(mol. /cm ) 

LOS 7 A 

MCD NCD 

2 2 
(g/cm ) (mol. /cm ) 

LOS 8A 

MCD NCD 

2 2 
(g/cm ) (mol. /cm ) 

LOS 5F 

MCD NCD 

2 2 
(g/cm ) (mol. /cm ) 

LOS 8F 

MCD NCD 

2 2 
(g/cm ) (mol. /cm ) 

-Z Aft (Baseline) 

.1.8 (-8? 

4.4(14) 

5.8(-8) 

1.4(15) 

3. 3(-9) 

8.1(13) 

6.2(-10) 

1.5(13) 

4.4(-9) 

1.1(14) 

3. 3 (-10) 

8.1(12) 

-Z Aft 

10° (-Z-*>+X) 

1.0(-8) 

2.5(14) 

3.2(-8) 

7.9(14) 

1.8(-9) 

4.5(13) 

3.4(-10) 

8.4(12) 

2. 4 (-9) 

6.0(13) 

1.8(-10) 

4.5(12) 

-Z Aft 

20° (-Z-S-+X) 

6. 6 (-9) 

1.6(14) 

2.1 (-8) 

5.2(14) 

L.3(-9) 

3.2(13) 

2.9(-10) 

7.1(12) 

1.6(-9) 

3.9(13) 

1.6 (-10) 

3.9(12) 

+ Y Aft (Baseline) 

6.3(-9) 

1.5(14) 

1.3(-8) 

3.2(14) 

1.9(-9) 

4.6(13) 

8.3(-10) 

2.0(13) 

1.7(-9) 

4.1(13). 

4.6(-10) 

1.1(13) 

+ Y Aft 
To° (Y— *-+X) 

4.1{-9) 

1.0(14) 

8.5(-9) 

2.1(14) 

1.-2 (-9) 

3.0(13) 

5.4(-10) 

1.3(13) 

l.l(-9) 

2.7(13) 

3.0(-10) 

7.3(12) 

+ Y Aft 
20° (Y — *-+X) 

2. 2 (-9) 

5.4(13) 

4.5 (-9) 

1.1(14) 

6. 6 (-10) 

1.6(13) 

2.9(-10) 

7.1(12) 

5. 9 (-10) 

1.4(13) 

1.6(-10) 

3.9(12) 


* (- 8 ) = 10 -8 
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axis so that it is 90 degrees with respect to the X axis, it 
will not contribute to the wing reflections of engine exhausts. 
This situation was simulated in the model by removing the elevon 
surface. The net decrease in mass column densities was a maxi- 
mum for this situation. 

Table IX includes the elevon removed case to show the 
maximum reduction in line-of-sight column densities in con- 
junction with engine canting. The results show that removing 
the elevon as a reflecting surface did not affect the predic- 
tions for LOS 8A and 8F. These lines-of-sight do not see any 
appreciable contribution from this portion of the wing because 
of their orientation. For the remaining lines-of-sight in 
Table IX, the reduction in column densities varied from 30 to 
80%, The resulting NCD for all combinations of elevon removal 
and engine canting still exceeds 10*- 2 molecules/cm 2 for the 
lines-of-sight. analyzed. 

3.4. 1.4 Spherical Versus Lambertian Wing Reflections - 
The highest wing surface impingement rate of the -Z aft VCS 
engine exhaust occurs at a distance near 15 ft (4,6 m) from the 
engine and 18 degrees off of the engine axis. The molecular 
densities at this point are in the 10^ 2 molecules/cm"* range 
which corresponds to a mean free path near 100 cm. This region 
is neither clear cut viscous nor molecular flow and cbrresponds 
to a transition region between these two regimes. The possi- 
bility does exist that the molecular reflections for this transi 
tion region might not follow Lambertian scattering. It might 
appear that with such high densities, wing reflections would 
approach specular thus lowering the column density predictions. 
This is true in some cases, although in the transition region 
the reflections will be a hybrid of Lambertian and specular 
scattering. Because of this, the engine exhaust on this wing 
surface area (6.5 x 10^ cm 2 or 7% of total wing area) was ex- 
panded spherically symmetrically to specific lines-of-sight 
while the remainder of the wing was allowed to scatter diffusely 
(cosine). The results, compared to the total wing scattering 
diffusely (cosine) , are presented below. There are two cases 
for the spherical expanded gases: one for the case of a hot 

gas, 3000 m/second corresponding to engine exhaust temperatures 
and 500 m/second corresponding to wing surface temperatures 
(cold gas). The actual temperature of the gas depends upon the 
extent of thermal accommodation capability at the wing surface 
and is unknown at this time. 


Table IX. Effects of Elevon Canting and Aft VCS Engine Canting on Mass and 

Molecular Number Column Density Predictions Resulting, from Wing Reflections 


' s * ** V^ine-of-Sight 

LOS 

1A 

LOS 

4A 

LOS 

7A 

LOS 

8A 

LOS 

5F 

LOS 

3F 

VCS^Vw 

Engine 

MCD 

NCD 

MCD 

NCD 

MCD 

NCD 

MCD 

NCD 

MCD 

NCD 

MCD 

NCD 

2 * 2 
(g/cm ) (mol. /cm ) 

? 2 
(g/cm ) (mol. /cm ) 

2 2 
(g/cm ) (mol. /cm ) 

2 2 
(g/cm ) (mol. /cm ) 

2 2 
(g/cm ) (mol. /cm ) 

2 2 
(g/cm ) (mol. /cm ) 

-Z Aft (Baseline) 

•kic 

1.8<-8) 

4.4(14) 

5. 8 (-8) 

1.4(15) 

3.3(-9) 

3.1(13) 

6. 2 (-10) 

1.5(13) 

4.4(-9) 

1.1(14) 

3. 3(-10) 

8.1(12) 


*NE = 

NE - 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 


4.5(-9) 

1.1(14) 

l.l(-8) 

2.7(14) 

l.l(-9) 

2.7(13) 

Same 

Same 

1.2(-9) 

2.9(13) 

Same 

Same 

-Z Aft 

1.0<-8) 

2.5(14) 

3.2(-8) 

7.9(14) 

l.l(-9) 

4.5(13) 

3.4(-10) 

8.4(12) 

2.4(-9) 

6.0(13) 

1.8(-10) 

4.5(12) 

10° (-Z— M-X) 

NE - 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE *= 

NE = 

2.5<-9) 

6.0(13) 

5.8(-9) 

1.4(14) 

5.7 (-10) 

1.4(13) 

Same 

Same 

6.2(-10) 

1.5(13) 

Same 

Same 

-Z Aft 

6.6 (-9) 

1.6(10) 

2.1C-8) 

5.2(14) 

1.3C-9) 

3.2(13) 

2. 9 (-10) 

7.1(12) 

i.6(-9) 

3.9(13) 

1.6 (-10) 

3.9(12) 

20° (-Z— ++X) 

NE « 

NE = 

NE * 

NE = 

NE = 

NE = 

NE = 

NE * 

NE = 

NE = 

NE = 

NE * 


1.6(-9) 

4.0(13) 

4.0(-9) 

9.8(13) 

4. 3 (-10) 

1.1(13) 

Same 

Same 

4.3(-10) 

1.1(13) 

Same 

Same 

+Y Af t(Baseline) 

6.3<-9) 

1.5(14) 

1.3(-8) 

3.2(14) 

1.9(-9) 

4.6(13) 

8. 3(-l0) 

2.0(13) 

1.7(-9) 

4.1(13) 

4. 6(-10) 

1.1(13) 


NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 


3. 7 (-9) 

9.0(13) 

7 . 7 (-9) 

1.9(14) 

1.2(-9) 

4.4(13) 

Same 

Same 

1.0 (-9) 

2.5(13) 

Same 

Same 

+ Y Aft 

4.1(-9) 

1.0(14) 

8.5(-9) 

2.1(14) 

1.2(-9) 

3.0(13) 

5.4 (-10) 

1.3(13) 

l.K-9) 

2.7(13) 

3.0 (-10) 

7.3(12) 

10° (Y' — ►+X) 

NE = 

NE * 

NE * 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

NE = 

2.5C-9) 

6,0(13) 

5.0C-9) 

1.2(14) 

7.1 (-10) 

1.7(13) 

Same 

Same 

6.5 (-10) 

1.6(13) 

Same 

Same 

+ Y Aft 

2.2(-9) 

5.4(13) 

4.5 (-9) 

1.1(14) 

6. 6 (-10) 

1.6(13) 

2.9(-10) 

7.1(12) 

5. 9 (-10) 

1.4(13) 

1.6(-10) 

3.9(12) 

20° (Y — e+X) 

NE = 

NE = 

NE = 

NE = 

NE = 

NE * 

NE = 

NE - 

NE = 

NE * 

NE = 

NE « 


1.3(-9) 

3.2(13) 

2.7(-9) 

6.6(13) 

4.0 (-14) 

9.8(12) 

Same 

Same 

3. 6 (-10) 

8.7(12) 

Same 

Same 


* NE - No Elevon 

** (_8) =. ia" 8 



Lines -of - 

Previous Wing 

Hot Gas Spher- 

Cold Gas 

Sight 

Lambertian Re- 

ical plus Wing 

Spherical 


flection^ 

Remainder Co-^ 

plus Wing 


(mol. /cm ) 

sign (mol. /an ) 

Remainder 
Cosign 2 
(mol. / cm ; 

LOS 1A 

4.4xl0 14 

1.8xl0 14 

14 

3.9x10 4 

LOS 4A 

1.4x10 15 

4. 5x10 ^ 4 

9. 5x10 14 


The above data shows that the number column density is re- 
duced 59% and 11% for the hot and cold gas case ..respectively , 
for LOS 1A and is reduced 68% and 327, for the hot and cold gas 
case, respectively* for LOS 4A. However, these values still 
exceed the stated criteria of lO 1 ^ molecules/cm . 

Data pertaining to the Marquardt 25 pound thrust RlE-3 
engine has been applied to the geometry discussed above. This 
data entails a Method of Characteristics (MOC) analysis of the 
engine flow which determines the continuum and free molecular 
flow regimes. Based on the results of this analysis, a smaller 
area of the wing is in the transition region, less than 6.5 x 
10^ cm 2 or less than 0.77, of the total wing area, thus further 
reducing the effects shown above. Therefore, the initial model 
ing approach, which assumes molecular flow for the engine 
exhaust impinging on the wing, appears to be valid and encom- 
passes more than 99% of the wing. 

3.4. 1.5 Forward VCS Location - The capability does exist 
that all of the VCS engines could be moved to a forward loca- 
tion. This situation was evaluated for comparison to the aft 
location as discussed above. At the forward location, the -Z 
firing aft engine must be positioned along +Z to maintain the 
same attitude control. 

Table X compares the aft and forward locations for LOS 1A, 
2A, and 3A. Moving these engines to the selected forward 
position does not significantly reduce the number column den- 
sity for the analyzed lines-of-sight . As a result, canting 
of the engines about their principle axes at this position 
was further investigated to see if the total number column 
density could be significantly reduced for the selected for- 
ward VCS positions. The evaluation of the engine canting 


88 


to Forward 




requires several combinations of rotations. Figure 32 sche- 
matically illustrates the rotation cases analyzed and includes 
the forward and aft positions with no canting for clarity and 
comparison purposes. 

Case 1 is for the aft position with both exit planes 
perpendicular to the major axes. Case 2 is for the forward 
position with both engine exit planes perpendicular to the 
major axes. Cases 3 and 4 are rotations at the forward loca- 
tion of 10 and 20 degrees, respectively, for the Y engine about 
the Z axis towards -X (forward) and the Z engine about the Y 
axis towards -X (forward) . Cases 5 and 7 are rotations at the 
forward location of 10 and 20 degrees, respectively, for the Y 
engine about the X axis toward -Z and the Z engine about the X 
axis towards -Y. Cases 7 and 8 are combinations of cases 3 
and 5 and cases 4 and 6, respectively. That is, case 7 includes 
a 10 degree rotation in two directions and case 8 includes a 
20 degree rotation in two directions. The results are presented 
in Table XI. 

The backflow portion of each molecular number column den- 
sity is noted. This backflow portion (greater than 90 degrees 
off of the engine centerline) could be eliminated by effective 
shielding since it will be near the free molecular' flow state. 
Figure 33 graphically presents the data in Table XI. This 
figure shows that overall, case 4 reduces the number column 
density most effectively for the three lines-of-sight considered. 
This case corresponds to a 20 degree rotation about Z for the Y 
facing engine and about Y for the Z facing engine towards -X 
(forward) . Although moving these VCS engines forward and cant- 
ing them significantly reduces the number column density, as 
seen in Table XI, the values still exceed 10^ molecules /cm^ 
for the three lines-of-sight considered and for all the canting 
combinations investigated. 

3.4. 1.6 VCS Engine Summary - The VCS engines can con* 
tribute to lines-of-sight with molecular column density levels 
in excess of 10^ molecules/cm . This is true for all engine 
orientations at both an aft and a forward location. The extent 
to which interference to sensitive payloads can occur due to 
the VCS induced column densities is a strong function of altitude 
and attitude requirements. The engine firing frequency can 
range from once every 2 to 5 seconds to once or twice per orbit 


Z ENGINE 


/T* 

f 


r 



CASE 1 CASE 2 CASE 4&5 CASE 5&6 

CASE 7 COMBINATION OF CASE 3&5 FOR EACH ENGINE 
CASE 8 COMBINATION OF CASE 4&6 FOR EACH ENGINE 


Figure 32. VCS Engine Orientations 



Table XX. Predicted Molecular Number Column Densities for the 25 lb Vernier Engines at 
Select Locations and Cant Angles for Payload Lines-of-Sight at X ■ 1107 



CASE 1 

CASE 2 

CASE 3 

CASE 4 

CASE 5 

CASE 6 

CASE 7 
(Comb, of 
Case 3 & 5) 

CASE 8 
(Comb, of 
Case 4 & 6) 

Engine 

Linens. 

of-SightN. 
at X = 1107\, 

Aft No Cant 

X - 1531 
Y “ +120 
Z = 461 

Fwd No Cant 

X = 323.5 
Y = +58 
Z = 373 

Fwd 10° Cant 
(Y^+X, 
about Z) 

X = 323.5 
Y = +58 
Z = 373 

Fwd 20° Cant 
(Y-- +X, 
about Z) 

X = 323.5 
Y = +58 
Z = 373 

Fwd 10° Cant 
(Y ► “Z, 
about X) 

X = 323.5 
Y = +58 
Z = 373 

Fwd 20° Cant 

0 P*~z, 

about X) 

X = 323.5 
Y = +58 
Z = 373 

Fwd 10° Cant 
(Y ►+X) and 
(Y—- Z) 

X = 323.5 
Y = +58 
Z = 373 

Fwd 20° Cant 
(Y^+X) and 
(Y— Z) 

X = 323.5 
Y * +58 
Z = 373 

LOS 1A 

■k 

2.0 (14) 

0 

** 

2.7 (13) 

(All B Flow) 

2.1 (13) 

(All B Flow) 

2.3 (13) 

(All B Flow) 

1.5 (13) 

(All B Flow) 

2.3 (13) 

(All B Flow) 

1.6 (13) 

(All B Flow) 

LOS 2A 

3.7 (14) 

1.4 (14) 

7.3 (13) 

5.6 (13) 

(97. B Flow) 

6.6 (13) 

3.7 (13) 

6.8 (13) 

4.0 (13) 

(107 B Flow) 

LOS 3A 

7.3 (14) 

3.6 (14) 

1.9 (14) 

2.8 (13) 

(107, B Flow) 

1.9 (14) 

1.3 (14) 

1.9 (14) 

1.3 (14) 

N. 6 Engine 
Line^S. 

of-SightN. 

at x = norx. 

Aft No Cant 

X « 1525 

Y - +112 
Z = 442 

Fwd No Cant 

X = 323.5 
Y - +46 
Z “ 423 

Fwd 10 u Cant 

(z-*-+x, 

about Y) 

X - 323.5 
Y - +46 
Z = 423 

Fwd 20^ Cant 
(Z-+X, 
about Y) 

X = 323.5 
Y = +46 
Z - 423 

Fwd 10° Cant 
(Z ►Y, 
about X) 

X = 323.5 
Y = +46 
Z = 423 

Fwd 20" Cant 
(Z— Y, 
about X) 

X = 323.5 
Y - +46 
Z = 423 

Fwd 10° Cant 
(Z^+X) and 
(Z-^Y) 

X = 323.5 
Y = +46 • 

Z = 423 

Fwd 20° Cant 
(Z*~X) and 
(Z*~Y) 

X = 323.5 
Y * +46 
Z, = 423 

LOS 1A 

4.4 (14) 

7.8 (14) 

4.6 (14) 

2.7 (14) 

7.1 (14) 

5.4 (14) 

4.1 (14) 

2.1 (14) 

LOS 2A 

8.3 (14) 

5.4 (14) 

3.2 (14) 

2.1 (14) 

6.8 (14) 

7.8 (14) 

3.9 (14) 

2.7 (14) 

LOS 3A 

8.3 (14) 

2.1 (14) 

1.5 (14) 

2.4(13) 

(157 B Flow) 

2.9 (14) 

4.1 (14) 

2.1 (14) 

1.8 .(14) 

(17. B Flow) 


* (14)=10 14 

** B Flow s Backflow 



NUMBER COLUMN DENSITY X 10 (mol/ cm 




93 


depending on the mission profile. The total fuel used per 
orbit is not indicative of the firing frequency. The engine 
pulse width per firing dictates the frequency for a given fuel 
consumption per orbit. The ultimate impact of the VCS 25 lb 
engine system will have to assessed individually for each class 
of payload taking into account the appropriate variables. Cur- 
rent studies indicate that that the VCS 25 lb thrust engines 
cannot meet the stated applicable criteria when firing. There- 
fore, meeting the intent of the criteria through minimizing 
engine usage requirements will be an important aspect of mini- 
mizing this contamination source influence upon various pay- 
loads. This can. be accomplished through proper selection of 
vehicle attitudes or through payload use of a gimballed system 
such as the IPS. 

The VCS engines not only can impact payloads, but they 
can also deposit on the aft, outermost portions of the Shuttle 
Orbiter radiators and could increase radiator ground refurbish- 
ment requirements significantly. In this case, the total fuel 
expended per orbit by the aft +Y and -Z engines can be directly 
related to the degradation potential. This is discussed in sub- 
section 3.5.4. 

3.4.2 Supplemental Evaporator Vent System - The evaporator 
vent system emits evaporated fuel cell water overboard as a 
mechanism to reject heat from the Environmental Control Life 
Support System (ECLSS) . It can contribute exhausted water 
vapor to lines-of-sight by forward flow, backflow (greater 
than 90 degrees with respect to the evaporator vent axis) , or by 
wing reflections of the exhausted effluents. The wing re- 
flections for specific evaporator vent locations contribute 
significantly to all lines-of-sight and is the only transport 
mechanism to lines-of-sight in the (X,Z) plane. The position 
of the evaporator vents on the Shuttle Orbiter dictates the 
amount of wing reflection that results. Specific aft or for- 
ward locations do totally eliminate wing reflections, however, 
some of these positions are unacceptable due to fuselage pene- 
tration problems. For locations underneath the payload bay 
door, the evaporator vents can emit effluents through the pay- 
load bay door/Shuttle Orbiter fuselage seam. 

The evaporator contamination contribution to the induced 
atmosphere and surface deposition is highly dependent upon the 
mission profile for a specific payload, heat rejection re- 
quirements, payload temperature, and selection of a final 
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evaporator vent location. Because the evaporator operation may be 
near continuous in nature and can be located at more positions 
than any other major source, it has undergone the most extensive 
analysis of the sources modeled to date. 

The following subsections address the many trade studies 
performed on the evaporator during this contract. The major 
emphasis was to select or evaluate various positions for the 
evaporator vents so that the contamination potential could be 
ascertained and hopefully minimized. The evaporator vents 
are constrained to locations above the Shuttle Orbiter wings 
to avoid being located in high temperature areas produced 
during reentry. In some locations acceptable from a contamina- 
tion viewpoint, the evaporator exhaust produces forces and 
torques on the Shuttle Orbiter by impinging on adjacent sur- 
faces. Because of these forces, the VCS system would be re- 
quired to operate at a higher rate or require greater fuel 
usage to maintain attitude control. Therefore, even though 
a specific evaporator vent location may reduce its contamina- 
tion contribution, it does not necessarily reduce the total 
contaminatin problem. 

The flow rate of the evaporator as used in this analysis 
was 30 lb/hr (13.6 kg) or 15 lb/hr (6.8 kg) per nozzle for the 
nonpropulsive configurations. Future power requirement changes 
may result in different flow rates as the Shuttle Program de- 
velops. In this case, ratioing the presented values will be 
representative of any future mass flow changes in the evapora- 
tor system. 

In addition to positioning the evaporator vents at several 
locations, different evaporator nozzle designs were evaluated 
at X = 1392 (baseline location). At this location, the effects 
of a plugged nozzle and a nozzle using a larger exit area to 
throat area ratio with a zero degree lip angle were evaluated. 

3.4. 2.1 Evaporator Vents at X = 1392 (Baseline Position) - 
The evaporator vent position at X = 1392 was considered as a 
baseline location throughout most of this study and thus had an 
in depth analysis of variations at this location. Not only 
was the baseline supersonic nozzle configuration analyzed at 
this location, but also with the intent of minimizing evaporator 
impacts, several alternate nozzle configurations were investi- 
gated at the baseline location. At X = 1392, the evaporator 
effluents have the capability of reflecting off of the wing 
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surfaces into lines-of-sight along with contributing by direct 
flow from the nozzle exit plane. Figure 19 schematically 
illustrates this location. 

Table VI lists the contribution of the X = 1392 baseline 
supersonic evaporator vent location to the lines-of-sight and 
specifies the wing reflected component and direct flow component. 
Since there is an evaporator vent on each side of the Shuttle 
Orbiter for this configuration, both contributions are shown 
along with the total from each vent. At this location and a 
6.8 lcg/hr per nozzle flow rate, the molecular number column 
density is in the lO^ to 10 molecules/cm^ range for LOS 1A 
through 6A. The alternate nozzle configurations analyzed at 
the baseline location are briefly discussed below. 

a) Plugged Nozzle - An evaporator nozzle with 
a truncated conical surface placed in the 
nozzle bell chamber area can change the 
flowfield of the effluents. The plugged nozzle 
plume description, supplied by JSC (Applicable 
Document T-169-28, Volume VI) was evaluated 
for the X = 1392 location for LOS 1A. At a 
flowrate of 6.8 kg/hr per nozzle, the molecular 
number column density is 2.3 x 10^ molecules/ 
cm^ as compared to 1.7 x 10 molecules/cm^ 
for the standard, unplugged supersonic nozzle. 

Because there is no significant reduction in 
contaminant levels using the plugged nozzle 
and the fact that it could ice up and be- 
come inoperable, it has been eliminated as a 
possible modification, 

b) Larger Area Ratio With a Zero Lip Angle Nozzle - 
Additional analysis was performed for another 
evaporator nozzle shape to determine if it 
would reduce the mass column density predic- 
tions. Specifically, a new nozzle concept 

that has an area ratio of 20:1 and a zero 
degree lip angle was compared to the previous 
nozzle configurations at the X = 1392 loca- 
tion, The approach employed in this nozzle 
design was to modify the boundary flow and 
plume flow coefficients by changing the physi- 
cal characteristics of the nozzle shape through 
using analytical data developed by Simons 


(Reference 2) . This same flowfield description 
was then used to determine the exhaust fluxes 
on the wings and the resulting reflected 
material contribution to column densities for 
several lines-of-sight. The comparison of 
the baseline nozzle contribution and the new 
nozzle contribution are presented in Table 
XII. The results of the analysis indicates 
that such a nozzle design reduces the wing 
reflected component about 10 to 307„ depend- 
ing on the line-of-sight. This nozzle concept 
reduced the flux on some wing surfaces and 
increased it on others as compared to the base- 
line nozzle wing reflections. The net integrated 
effect is a small reduction in number column 
densities. The resulting values are still 
several orders of magnitude above the acceptable 
criteria of 10^ molecules/cm^. In addition, 
the use of this nozzle would add excessive 
weight to the evaporator system and would be 
undesirable from a mass properties viewpoint. 


3.4. 2. 2 Evaporator Vents Under the Payload Bay Doors - 
The evaporator vents located under the payload bay door (posi- 
tions X = 594 to X = 1124 as shown by the shaded area in 
Figure 19) has several advantages along with some possible dis- 
advantages. First of all, the major advantage is that the 
payload bay door blocks most of the effluents from the lines-of- 
sight and in certain regions the narrow wing in this region 
eliminates or significantly reduces wing reflected effluents. 

The major disadvantages are torques on the payload bay doors, 
possible ice buildup under the payload bay door, and effluents 
escaping through the payload bay door/ Shuttle Orbiter fuselage hinge 
line. The effluents that escape through this hinge line could 
be eliminated by the use of a flexible covering or rr boot ,r . 


Table XIII presents the evaporator nozzle contributions to 
LOS 1A for locations between X = 594 and 1124 with Z = 353 and 
Y = 104. The results presented in Table XIII indicate that there 
is a region approximately 6.1 meters in length for the 6.8 kg/ 
hr per nozzle flowrate where an evaporator vent could be located 
to meet the number column density criteria of 10 ^ molecules/ 
cm^. If a seam line covering is used (between the payload bay 
door and the fuselage) , this acceptable region would extend 
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Table XII. Number Column Densities of Baseline 
and Zero Lip Angle, Larger Area 
Ratio Evaporator Nozzle 


Line-of-Sight 

Baseline 

Nozzle 

2 

(mol. /cm ) 

New 

Nozzle 

2 

(mol. /cm ) 

Percent 

Decrease 

LOS 1A 

l,7xl0 14 

1.6xl0 14 

6% 

LOS 4A 

14 

3.8x10 H 

14 

2.6x10 H 

32% 






Table XXIX. Number Column Densities from Evaporator 
at Various Locations Under the Door for 
LOS 1A 


X Location 
''^(Inches) 

Sourc^N^^ 

594 

845 

924 

974 

1024 

1124 

boor Seam 
Contribution 
2 

(mol. /cm ) 

5.5xl0 U 

12 

1.1x10 

12 

1.4xlO iZ 

1.4xlQ U 

12 

1.5x10^ 

12 

1.6x10 

Direct Wing 
Contribution 

(mol. /cm ) 

0 

0 

5.2xlO U 

1.9xl0 12 

12 

8.2xl0 L 

1.7xl0 14 

TOTAL 

LOS 1A 2 

(mol. /cm ) 

5.5xlO U 

12 

1.1x10 

12 

1.9x10 

12 

3. 3x10 1 

12 

9. 7x10 

14 

1.7x10 
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another 2.7 meters to near X = 950. Figure 34 is a plot of 
molecular number column density for LOS 1A as a function of the 
Shuttle Orbiter X station numbers for possible evaporator vent 
locations. The curves presented are for flowrates of 4,5, 6.8 
(baseline), and 11.4 kg/hr per nozzle. This family of curves 
in effect shows where and at what flowrate the criteria of 10 ^ 
molecules/ctri is exceeded. At these locations, consideration 
must be given to the induced forces and the accumulation 
created by evaporator effluent impingement upon the Shuttle 
Orbiter wing and door surfaces. These are analyzed in sub- 
sections 3.4. 2.5 and 3.4. 2. 6, respectively. 


3.4. 2. 3 Evaporator Vents at X = 1519 (Lower Aft Corner 
of the Fuselage) - Because wing reflected evaporator effluents 
are a significant contribution to the line-of-sight mass column 
densities, the evaporator vent was evaluated at positions such as 
+X (aft) venting and at X = 1519 that eliminates this contribu- 
tion. Such a position at X = 1519 is in the lower aft corner 
of the Shuttle Orbiter, see Figure 19. In this position, the 
evaporator vent is lower than or even with the trailing edge of the 
wing. The only line-of-sight contributions that exist are 
direct flow from the nozzle. Therefore, the only lines-of- 
sight that are affected are those out of the (X, Z) plane. 

Another advantage of this location is that there is no sig- 
nificant impingement on surfaces that would produce unwanted Z 
direction forces although ice may accumulate on the wing trail- 
ing edge as will be discussed in subsection 3.4. 2. 6. Therefore, 
this is the only location analyzed that should not significantly 
increase VCS usage requirements. Table XIV presents the number 
column densities from such a location for several lines-of- 
sight. As can be seen, the (X, Z) plane has no contribution 
and up to approximately 30 degrees off of Z in the Y direction, 
the number column density is below 10 ^ molecules/cm^. For 
lines-of- sight forward of X = 1107, the number column density 
will also be below 10^ molecules/cm^. 


3. 4. 2. 4 Aft Facing Evaporator Vent Along the Longitudinal 
Axis Location - Another evaporator vent location evaluated was 
from the aft end of the Shuttle Orbiter parallel to the X axis 
at Y =0 and Z = 323, see Figure 19. Since only one nozzle 
(propulsive) was considered at this location, the flowrate was 
assumed to be 13.6 kg/hr. For this case, the aft portion of 
the Shuttle Orbiter and the large engine bells effectively 
shadow the evaporator vent contribution forward of this position. 


MOLECULAR NUMBER COLUMN DENSITY (mol/ cm ) 
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Table XIV. Number Column Densities for the Evaporator 
at X - 1519 



LOS 4A 6.7xl0 12 





J 


l 
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For lines-of-sight in the (Y, Z) plane extending past the aft 
location, there will be some contribution to these lines-of- 
sight. This situation was analyzed in detail to update an 
earlier analysis performed by Dr. R. Naumann, MSFC (Reference 
6). The analysis results are different than that of Dr. Naumann' s 
primarily because this analysis used an improved flowfield defi- 
nition past 36.8 degrees off of the evaporator vent centerline. 

Figure 35 shows the molecular number columm density 
versus angle off of the +Z axis towards +X (aft) for lines-of- 
sight in the (X, Z) plane originating at X = 1107 out of the 
payload bay. The NCD falls to 10 ^ molecules/cnv at 10 degrees 
from the vertical. LOS 4A and an additional test LOS that is 25 
degrees off of Z towards Y and 45 degrees from Y towards +X 
(aft) were evaluated for this case to further determine the 
impact of this aft location. The number column densities for 
these lines-of-sight are 2.6 x 10^ and 7.1 x 10^ molecules/ 
cm^, respectively. The only lines-of-sight that are effected 
at all by this location are those that extend in an aft direc- 
tion past approximately X = 1525. All other lines-of-sight have 
zero contribution from this evaporator vent location. 

3. 4. 2. 5 Forces Generated by the Evaporator Vent - De- 
pending on the evaporator yent location, forces will be generated 
by impingement on adjacent Shuttle Orbiter surfaces or by the 
thrust of the evaporator vent itself. The forces generated by 
the evaporator vent will induce Shuttle Orbiter torque or drift, 
rates and dictate increased usage of the VCS engines to achieve 
required deadband stability. This would be undesirable from a 
contamination viewpoint. Four positions were analyzed for the 
evaporator vent. These are X = 594, 900 to 950, 1392 (base- 
line), and aft (along +X) . Where feasible, various cant angles 
of the evaporator vent were analyzed to determine if the in- 
duced' forces could be reduced without significantly impacting 
the induced contaminant environment. 

a) X = 594 Location - At this location, the effluents 
along the centerline of the evaporator impinges on 
the underside of the payload bay door. For the 
evaporator vent exit plane perpendicular to the 

Y axis, the net Z force on the vehicle for both 
evaporator nozzles (+Y side) is 0.49 lbs, the 

Y force is zero, and the X force is very near 
zero. 


MOLECULAR NUMBER COLUMN DENSITY (moL/cm 


+ I0 1 


13.6 kg /hr FLOWRATE 




+ 10 


Figure 35, 


0 (degrees) 

Molecular Number Column Density Versus Angle Off of Z 
Axis Towards X(Aft) For Lines-of-Sight in the (X,Z) Plane 
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The effect of canting the evaporator vent at 
this location was investigated to find an opti- 
mum cant angle to minimize the Z force component. 
Figure 36 shows that the optimum cant angle 
occurs near a 12 degree rotation towards the 
minus Z axis. At an angle near 20 degrees, 
the Z force is comparable to the no cant case 
(zero degrees). This 20 degree cant would re- 
duce the possibility of ice buildup under the 
door by allowing the evaporator vent center- 
line to clear the door. Canting of the evapo- 
rator nozzles would produce undesirable Z forces 
that would require additional VCS engine usage. 

b) X = 900 to X = 950 Location - In the region be- 
tween X = 900 and X = 950, the evaporator vent 
contribution to LOS 1A molecular number column 
densities fall below 10^‘- molecules/cnr with a 
boot used for the payload bay door/Shuttle Orbiter 
fuselage hinge line. At this position, . the 
force on the Shuttle Orbiter wing surface will 
cancel portions of the force an the door from 

the evaporator exhaust. For this case, the 
evaporator vent was positioned at various Z 
locations and cant angles of +12 degrees to- 
wards +Z. The resulting force for all 
combinations is between 0.14 and 0.16 lb in the 
+Z direction. 

c) X = 1392 Location - At this ‘location, the 
evaporator exhaust impinges on the Shuttle 
Orbiter wings. For the two evaporator nozzles 
(+Y) , each with a flowrate of 6.8 kg/hr, the 
net -Z force has been calculated to be 0.42 
lbs. This force is closer to the center of 
gravity than the X = 594 location and should 
produce smaller torques. 

d) Aft Facing Evaporator Vent - At this location, 
the evaporator vent (facing +X) has a flowrate 
of 13.6 kg/hr and produces a +X force of 0.71 
lb. This +X force could be on the order of the 
atmospheric drag force and for certain altitudes 


Z FORCE NORMALIZED TO T, (F /T, ) 
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may require considerable VCS control to maintain 
the necessary altitude. 

3.4. 2. 6 Evaporator Ice Buildup Potential - The flux 
of evaporator exhaust on adjacent surfaces of the Shuttle 
Orbiter may allow ice to form. The regions where the potential 
appears to be greatest from a surface temperature and geometry/ 
distance consideration are under the payload bay door and at 
X = 1519. At these location, the payload bay door underside, 
Shuttle Orbiter wings, and elevon trailing edge can receive 
significant fluxes of evaporator exhaust. In addition, they 
have the potential of being at the lowest temperatures for 
specific vehicle attitudes. 

The approach in analyzing this situation was to calculate 
the impingement flux of the evaporator effluents and the sub- 
sequent sublimation rate of ice at the lowest surface tempera- 
tures anticipated. If the water vapor impingement rate on a 
surface exceeds the ice sublimation rate at the given surface 
temperature, a potential ice buildup situation was assumed to 
exist. The maximum sublimation rate was calculated by the 
Langmuiur-Knudsen relationship and is expressed as: 

SR = 5.83 x lcf 2 P 

v 

where: 

2 

SR = Sublimation rate in g/ cm /second, 

P^ = Vapor pressure in Torr, 

M = Gram molecular weight, 

T = Surface temperature in degrees Kelvin. 

The sublimation rate of a frost deposit is calculated 
assuming the ratio of the exposed frost area to the area of the 
surface upon which it is deposited is unity. The following sub- 
sections present the impingement rates and ice sublimation 
rates for several evaporator vent locations. 

a) Evaporator Vents at X = 1024 Location - This position 
was selected because it is representative of the 
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impingement of the evaporator effluents on the 
door underside and includes a portion of the 
wing that will be at low temperatures. The 
surface temperatures were identified to be 
-55°C and -69°C for the door and wing, re- 
spectively, for a minimum temperature situation. 


Table XV summarizes the results of the analysis 
for a plume centerline flux on the door and off 
axis for the wing surface. The results show that 
for the supersonic .nozzle operated continuously, 
the net gain per day would result in 4.3 g/ctn of 
ice or frost buildup on the door. For evaporator 
vent locations other than X = 1024 under the 
door, the flux and potential ice buildup on the 
door would be the same. Table XV shows that the 
outer edge of the wing should not receive any 
ice buildup. Also at intermediate distances 
along the wing, the potential for ice buildup does 
not appear to exist. Small variations in flow- 
field and/or changes in temperature of the 
surfaces can increase or decrease the ice buildup 
significantly . 


A probable evaporator operational mode is to be 
on for 3 seconds and off for 1 second. Under 
these conditions, the ice buildup on the door 
underside would be 1.5 x 10”^g/cm 2 during the 
3 seconds of operation. During the 1 second 
off time, 1.4 x 10“^g/cm 2 would sublimate leav- 
ing 1 x lO’^g/cm^ at the end of a 4 second 
sequence. Over a 24 hour period, under these 
assumptions, a net 0.22 g/cm 2 of ice or frost 
would deposit. It is this type of deposit 
that could randomly produce particulates during 
subsequent orbital activities. 


b) Evaporator Vents at X = 1519 Location - At this 
location, the evaporator effluents can impinge 
on the trailing edge of the elevon which is approxi 
mately four (10.2 cm) in width. Table XVI presents 
the fluxes of the evaporator exhaust at points 
along the elevon trailing edge as measured from 
the Shuttle Orbiter fuselage. Also included in 
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Table XV. Evaporator Impingement Flux Predictions 
and Sublimation Rates at X'=1024 


Nozzle and 
Surface 
Impinged 
Upon 

Impingement 

Flux 

■ 

2 

(g/cm /sec) 

Sublimation 

Rate 

2 

(g/cm /sec) 

Net 

Deposit 

2 

(g/cm /sec) 

Supersonic 

-4 

-4 

■5 

on Door 

1.9x10 * 

1.4x10 

5.0x10 

Supersonic 




on Wing Edge 

1.2x10 

3.4x10 J 

None 

Supersonic 
on Intermediate 
Wing Surface 

6. 3xl0 -6 

3.4xl0" 5 

None 







Table XVI. Evaporator Impingement Flux Predictions 
and Sublimation Rates at X=1'519 


Position Along 

Impingment Flux 

Elevon Trailing Edge 
cm (inches) 

2 

(g/cm /second) 

12.7 (5) 

l.OxlO -5 

38.1 (15) 

1.8xl(f 5 

119.4 (47) 

1.5xl0* 5 

215.9 (85) 

4.4x10 ^ 


Temperature 
°C (°F) 

Sublimation Rate 
2 

(g/cm /second) 

-70 (-94) 

3.4xl0 -5 

-80 (-112) 

7.4x10 ^ 

-100 (-148) 

2. lxlO -7 

-129 (-200) 

1.4xl0 -10 




J 


i 
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Table XVI is the sublimation rate of ice at 
various temperatures. It is shown that at tempera- 
tures near -70 C there is no potential for ice 
buildup along the eleven trailing edge while at 
temperatures lower than -70°C the potential for 
ice buildup exists. The actual temperature of 
this surface is dependent upon vehicle attitude. 

After establishment of the final location of 
the evaporator vent and detailed thermal data, the 
ultimate ice buildup potential of the evaporator 
system should be reassessed. 

3.4. 2. 7 Supplemental Evaporator System Summary - Ideally, 
the supplemental evaporator would be of minimal contamination 
concern if it were located on the underside of the Shuttle 
Orbiter. However, the evaporator vents are constrained to loca- 
tions above the Shuttle Orbiter wings and are, therefore, 
located on the same side of the Shuttle Orbiter as are the pay- 
loads and must be considered from a contamination viewpoint. 

The previous subsections have dealt with the evaporator 
influence on lines-of-sight for the evaporator vents located at 
several positions. The results of these studies are summarized 
briefly in Table XVII. Included in the table is the location 
coordinates, LOS 1A contribution, forces generated, advantages, 
and disadvantages for each of the evaporator positions investi- 
gated. 


The aft evaporator vent location, employing a single 
nozzle facing along +X, is the best location from contamination 
considerations. This location impacts the smallest fraction of 
lines-of-sight out of all the positions evaluated. If the 
thrust produced by this location causes an increase in VCS 
engine usage its status as an acceptable location should be 
reevaluated. 

The next most favorable location is the X = 1519 location. 
The assumption -here is that the evaporator vent can be positioned 
low enough in the aft corner so that the exhaust reflections from 
the top of the Shuttle Orbiter wings are eliminated. This may 
not be possible due to space constraints. Under this assumption, 
a large fraction of the lines-of-sight has mass column densities 
less than 10 molecules/cm^. The forces generated would also 
be minimized since the only surface impingement of the exhaust 


ORIGINAL PAGE IS 
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Table XVII. Supersonic Evaporator Nozzle Suimuary 


EVAPORATOR 

LOCATION 

1 

FORCES 

ADVANTAGES 

DISADVANTAGES 

X = 594 co 845 
Y = +104 
Z = 353 

6.8 kg/hr per vent 

11 12 
5.5x10 to l.lxlO 1 

0.49 lbs +Z direction 
on payload bay door 

NCJ^ less than 10 ^ mol./ 
cm without payload bay 
door hinge line sealed - 
no wing reflections 

Door impingement produces Z forces 
and ice buildup on payload bay door 
underside which can produce undesir- 
able ice particles; increased VCS rqmts. 

X = 924 to 1124 
Y = +104 
Z = 353 

6.8 kg/hr per vent 

• ■ 

1.9xl0 12 to 1.6xl0 U 
for door hinge line 

°P en ii 14 
5.2xlO A1 to 1.6xl0 14 
for doer hinge line 
sealed 

0.49 lb +Z direction 
force at X = 594; 

0.14 to 0.16 +Z force 
at locations between 
X = 900 to X = 950, 

From a contamination 
viewpoint there are 
no advantages. 

12 2 

NCD In excess of 10 mol. /cm ; door 
impingement produces +Z forces and 
ice buildup on payload bay door under- 
side; wing reflections exist for 
evaporator exhausts. 

X = 1392 
Y = +113 
Z = 323 

6.8 kg/hr per vent 

1.7xl0 14 

0.42 lbs -Z direction 
on orblter wings 

From a contamination 
viewpoint, there are 
no advantages. 

12 2 

NCD In excess of 10 mol. /cm for 
all lines-of-sight - wing impinge- 
ment produces -Z forces; increased 
VCS rqmts and VCS contamination. 

X = 1519 
Y = +126 
Z - 285 

6.8 kg/hr per vent 

0 

Undetermined small 
X force on trailing 
edge of wing 

NCg less than 10 12 mol./ 
cm for significant 
portion of payload view- 
ing directions; NCD is 
zero for lines-of-sight 
within ~5 degrees of 
(X,Z) plane - no appre- 
ciable forces generated. 

12 2 

NCD exceeds 10 mol. /cm for lines- 
of-sight greater than 30 degrees off 
of Z axis towards +Y at X = 1107 
and for lines-of-sight viewing aft 
and over the wings for angle ~ greater 
than 25° off Z towards Y ; ice build- 
up on trailing edge; possible space 
constraints. 

X = 1525 
Y = 0 
Z * 323 
13.6 kg/hr 

0 

0.72 lbs + X(aft) 
direction 

’ 

• 

Provides the largest pay- 
load viewing area that has 
zero contribution to NCD 
for all evaporator locat- 
ions evaluated; no wing re- 
flections; entire forward 
and side viewing lines-of- 
sight have zero NCD. 

X force of ~0.72 lbs; for lines- 
of-sight greater than 10 off of Z « 2 
axis in 2 (X,Z) plane NCD exceeds 10 
mol . /cm 


ill 
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plume of any consequence would be on the trailing edge of the 
elevon. This impingement could result in ice buildup and 
particle generation on the elevon trailing edges near the vent 
exit. 


The next most favorable position from an induced mass or 
molecular column density viewpoint is the area between X = 594 
and X = 950 assuming a covering or boot is employed for the 
payload bay door/Shuttle Orbiter fuselage hinge line. However, 
the ice buildup in this region may result in undesirable particle 
generation during on orbit operations and induced forces may 
increase VCS propellant usage requirements. Any other location 
along the X axis between X - 950 and X = 1500 allows signifi- 
cant wing reflections to all lines-of -sight. 

Fundamentally, there are very few positions for the 
evaporator vent which will allow it to meet thy current appli- 
cable contamination control criteria and not Impact other 
system operations. One basic payload option always exists for 
those payloads particularly sensitive to the effluents of the 
evaporator and that is to store the evaporator effluents during 
their critical periods of operation. It should be noted that 
this would eliminate the supplemental heat rejection capability 
that the evaporator supplies, thus impacting the Shuttle Orbiter 
thermal control system. Until final design and test of the 
evaporator system and location has been accomplished, the re- 
sults of this analysis should be used as guidelines, where 
applicable, in establishing the effect of the evaporator upon 
the on orbit induced environment. 

3.5 Additional Studies - Other studies were conducted 
in addition to establishing a baseline induced environment and 
the minimization studies of the Shuttle Orbiter supplemental 
evaporator and VCS engine systems. These studies consisted of 
providing recommendations for the MSFC Shuttle Orbiter TPS panel 
test and a planned JSC evaporator test, the analysis of out- 
gassants from the tail leading edge depositing on a surface in 
the payload bay, and the Shuttle Orbiter radiator surface degra- 
dation analysis. 

3.5.1 TPS Panel Test and Preliminary Results - The pur- 
pose of the TPS panel test conducted at MSFC was to determine 
the vacuum weight loss characteristics of the composite nonmetal- 
lic materials used in the construction of the Shuttle Orbiter 
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TPS through vacuum chamber testing of a representative TPS 
panel configuration. Basic recommendations for the TPS panel 
test were made. These recommendations included geometry, in- 
strumentation, and desired measurements requirement to establish 
specific data for the Shuttle Orbiter contamination model. Re- 
sults from this test are presented in Reference 1. 

These results established a bulk outgassing rate of 5 x 
I0"^g/cm / second at 100° for the TPS conf iguration. In addi- 
tion, some correlation was achieved with the form of the 
sticking coefficient used in the current model. 

For the majority of contaminant sources (e.g, , off- 
gassing, cabin atmosphere leakage, and evaporator), the current 
contamination model allows a unity sticking coefficient for a 
substance if the surface temperature is below the boiling point 
of the contaminant. At the same time, the contaminant is allowed 
to desorb as a function of its vapor pressure. Where vapor 
pressure data is available, the mass depositing is expressed as: 

Net mass depositing = (mass adsorption - mass 

desorption) 


D — (F(I-J)-S(I-J). At) - (5.83 x 10" 2 7P (M/T) 1 ^ 2 At) 

where 

• 2 
D — Deposition in g/cm 

F(I-J) = Flux on surface I from source J, 

S(I-J) = Sticking coefficient (unity or zero), 

T — Temperature °K of surface I, 

At = Time interval F(I-J) and T are constant, 

7 = Desorption coefficient (0 < 7 < 1) , 

P - Vapor pressure at temperature of surface I, 

M — Molecular weight. 
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The above relationship yields the net gain of mass per 
unit area from a contaminant source J and is always equal to 
or greater than zero. It also accounts for desorption rate 
changes as the temperature of surface I varies with time. 


Outgassing contaminant sources are characteristically a 
combination of molecular species for which the molecular sizes, 
relative abundance of each specie, and total quantity outgassed 
are a strong function of temperature. Vapor pressure data for 
each deposition outgassant specie is generally unavailable or 
limited at best. For polymeric contaminant sources, the pro- 
blem is further complicated by the fact that the deposited 
material can undergo chemical reactions or can be photopoly- 
merized in the presence of ultraviolet radiation. The result 
is that the vapor pressure or the desorption energy of the 
parent source material does not apply to the deposited out- 
gassed species. In general, the deposited material has a 
larger desorption energy (and therefore greater adhesive quali- 
ties) that the parent material. 


Because of the unavailability of vapor pressure or de- 
sorption energy data for this type of deposit, the current 
model approach is to determine the sticking coefficient as a 
function of the temperature difference between the source and 
the receiving surface. Once the deposit is determined, it is 
not allowed to desorb. This assumption is based on the fact 
the sticking coefficient is obtained from materials testing 
such as the Volatile Condensible Material (VCM) measurements 
which are long term in nature (References 7, 8, and 9) and the 
likelihood is high that chemical reaction or photopolymeriza- 
tion will occur at the surface. Both of these phenomena tend 
to fix the deposit. This approach was used in the Skylab 
modeling with apparent success. 


The present sticking coefficient has the form: 


S 


TJ-TI 

K 


and 


TI < TJ 


S = 0 


TI < TJ 
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where 

TJ = Source J temperature in °C or °K, 

_ o o 

TI = Surface I temperature in C or K, 

K = A constant which is a characteristic of the 
material. 

For the majority of nonmetallic contaminant sources, 
the factor K has been determined to be near 200. 

The sticking coefficient as described above has been 
found to relate the percent VCM to the percent total weight 
loss from materials testing with the source at 125°C and the 
receiving surface at 25°C. It was found to correlate with 
measurements made during the RTV 560 outgassing tests of the 
TPS panel configuration at MSFC. The TPS panel test (Reference 
1) showed that for the test panel at 65.5°C and a QCM at 25°C 
the deposition rate was measured to be 3 x 10"^^g/cm^/second. 
With the panel at 65.5°C and the QCM. at -35°C, the mass deposi- 
tion reading was 8 x 10"^g/cm‘V second . The temperature 
differences between the panel and the QCM for the 2 cases was 
40°C and 100°C, respectively. The ratio of the QCM readings 
was 2.7 while the ratio of the temperature differences for the 
two cases (which equates to the ratio of the sticking coeffi- 
cients) was 2.5. This appears to be good correlation between 
the sticking coefficient temperature difference approach cur- 
rently used in the model and the previously mentioned derived 
test results simulating a major Shuttle Orbiter contaminant 
outgassing source. 

3.5.2 Supplemental Evaporator Vent Test - This test 
when conducted will provide a definition of the evaporator 
plume characteristics and the perturbations resulting from 
lqcalized or adjacent Shuttle Orbiter surfaces. During this 
contract period; recommendations were made for instrumentation, 
configuration size and shape simulations, desired data, sensor 
locations, and modes of test operations for the evaporator 
test. This test will include simulation of the Shuttle Orbiter 
door, fuselage and wing surfaces, as well as the temperatures 
of these surfaces. The test has been postponed until prototype 
evaporator hardware can be obtained from the contractor in- 
volved. The earlier evaporator tests (Reference 6 and the 


I 


116 


Applicable Document T-169-28, Volume VI) yielded information 
pertinent to the present study effort. The planned future 
evaporator test should yield an improved degree of refinement 
for 'the modeling activity necessary for better establishing 
the molecular and particulate characteristics of the flowfield. 


3.5.3 Outgassing of the Tail Leading Edge on Payload 
Surfaces in the Payload Bay - The Shuttle Orbiter tail leading 
edge has a direct view into the payload bay. The tail leading 
edge was separated into 30 subsurfaces for resolution. The 
shape of the leading edge was constructed as a cylindrical 
surface cut in half along its main axis. For a 20 cm diameter 
flat surfece in the payload bay located at the skinline, 4.88 
meters forward of the payload bay aft end, parallel to the X 
axis, viewing along +Z; the tail leading edge has a total view 
factor of 0.0083. This represents the fraction of mass leav- 
ing the tail leading edge capable of striking the above mentioned 
surface. For a mass loss rate of 5 x 10"10g/cm2/ second leaving 
the tail leading edge, the maximum integrated flux on the repre- 
sentative payload surface is 9.6 x 10“ ^-^g/cm^/ second. After 
one day at this rate, the accumulative impingement becomes 
8.3 x 10“®g/cm^/day and after 7 days it becomes 5.8 x 10“^g/cm^. 
It is unlikely that this high rate will continue for all of 
the exposure period. It will be dependent on sunlight exposure 
time per orbit and vehicle attitude. However, maximum exposure 
time is possible for specific mission profiles. If the accumu- 
lative impingement predicted for 7 days was all able to stick 
on the payload surface (which assumes cryogenic temperatures), 
a 58$ deposit would result if unit density is assumed for the 
deposited material. The only surfaces that may be degraded 
significantly by this level of deposition would be exposed 
ultraviolet optics which normally operate at temperatures far 
above cryogenic and would not normally have the tail in their 
f ields-of-view. Cryogenic systems such as baffles, providing 
they see the tail, could condense out more material during the 
initial offgassing periods than that predicted above. This 
should be reassessed as detailed information becomes available 
in the future on cryogenic systems to be. flown on the Shuttle. 
Orbiter. 


The rate assumed here is a steady-state rate for the RTV 
560 plus tile configuration of the tail leading edge. If the 
initial mass loss period during early vacuum exposure has a 
higher emission rate of condensible species, the contamination 
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potential could significantly increase. Testing for condensi- 
ble species during this early vacuum exposure period is currently 
being planned by JSC. Since this is one of the .few surfaces 
which can view directly into the payload bay, the use of RTV 
568 in place of RTV 560 should be considered since RTV 568 re- 
portedly has a lower outgassing rate than RTV 560. 

3.5.4 Shuttle Orbiter Radiator Degradation - The Shuttle 
Orbiter radiator system is located on the inboard sides of the 
payload bay doors and is currently planned to be covered with 
silver backed teflon material. Degradation to these surfaces 
can occur while the doors are open from deposition of outgassing 
and engine effluents along with subsequent ultraviolet photo- 
polymerization of the deposits. The major sources analyzed 
for radiator surface degradation include the 25 lb thrust VCS, 
the 900 lb thrust RCS, the 6000 lb thrust OMS , and outgassing 
of the OMS pod structure. Of these sources, the +Y firing VCS 
and RCS engines and outgassing from the OMS pod can directly 
impinge upon portions of or all of the +Z facing radiator sur- 
faces. All sources mentioned will contribute to the induced 
environment which may return to the radiator surfaces through 
interactions with the ambient atmosphere. 

The following subsections address each of these sources 
individually. Flux and deposition rates and accumulative 
degradation are presented for the -Y radiator nodal surfaces 
illustrated in Figure 37. Due to the symmetry of the sources, 
the analysis applies to the +Y located radiator as well. A 
summary section follows the source evaluations to recapitulate 
the accumulative effects of these sources. As part of these 
studies, geometric refinements were made to the modeled OMS 
pod structures so that their shadowing of the VCS, RCS, and 
OMS engine plurnss and outgassing contributions to the radia- 
tors could be more accurately established. 

3. 5. 4.1 VCS Engine Induced Radiator Degradation - The 
model configuration data determined that the -Z aft VCS engine 
does not see any radiator surfaces because of OMS pod structure 
shadowing. However, the Y aft VCS engine does see the aft 
outer door radiator (node 785) and the outer edge of the 
radiator (nodes 771 and 773) as shown in Figure 37. The depo- 
sition rates on each of these nodes per second of engine 
firing time are: 



Figure 37. Top View of Radiator and Door Radiator Surface Node Designation 
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Node 

Number 

771 


Deposition Rate 
g/cm^/second 


3.7 x 10 


-11 


773 6.1 x 10 

-10 

785 2.1 x 10 U 

The same is true for the mirror image radiator surfaces on the 
other side of the vehicle. 


Figure 38 shows a plot of solar absorptivity ( a s) versus 
bipropellant engine exhausts for S13G paint (original « s was 
near 0.15) and the silver backed teflon radiator surface 
(original a s was near 0.08). The curve for the S13G was ob- 
tained from NASA Lewis Research Center engine testing during 
the Sky lab Program (Reference 10) . The silver backed teflon 
degradation curve was fitted to the S13G data in Reference 10 
considering an initial a s of 0.08. The engine testing at 
Lewis shewed that the a s reached a maximum level after 12 to 
15 ii g/cm of engine exhaust deposits. The physical appearance 
was a yellow-orange, dry coating on the thermal control paint 
samples. No evidence of the original painted surface was de- 
tectable to the eye. This deposited was also accumulated in 
the presence of simulated ultraviolet radiation. 

The worst case fuel usage attitude for the Y facing aft 
VCS engines to maintain a 0.3 degree deadband inertial attitude 
is at 100 nautical miles (185 km). This was obtained from 
Rockwell International VCS duty cycle calculations (Reference 
11). For this case, the fuel usage per orbit of the Y facing 
VCS engine is 2.58 kg/ orbit. The best case is a 400 nautical 
mile (740 km) local vertical attitude for which the Y facing 
VCS engine uses 0.132 kg/orbit although this is pointing vector 
dependent and could even be less for attitudes such as gravity 
gradient stablized. 

Table XVIII presents the anticipated degradation of 
radiator nodes, 785, 771, and 773 for one orbit, one day, 7 
day s^ and 30 days. Assuming the majority of missions require 
a VCS fuel usage between the worst and best case’ presented in 
Table XVIII, the radiator surfaces could degrade significantly. 
There are some vehicle attitudes (e.g., gravity gradient) that 


SOLAR ABSORPTIVITY' 



Figure 38. Absorptivity as a Function of Deposition for Bipropellent Engine Exhausts 
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Table XVIII. Degradation of a s for the Shuttle Orbiter 
Radiators Resulting from Worst ’and Best 
Case VCS Duty Cycles 


Time on 


>^)rbit 

One 

One 

7 

30 

Node ^X. 

Orbit 

Day 

Days 

Days 

Number ^X. 

- a s 

«s 

a s 

a s 

785 

0.08 

0.085 

0.135 

0.21 

773 

0.08 

0.08 

0.09 

0.145 


0.08 0.08 0.085 0.135 


0.08 0.08 0.08 0.086 

0.08 0.08 0.08 0.082 

0.08 0.08 0.08 0.081 


Vehicle Attitude 
Parameters 


Inertial 
0.3° deadband 

90° roll, 60° yaw, 

0° pitch 
16.3 orbits/day 

185.2 km altitude 
Total VCS fuel 13.31 
kg/ orbit 

Y engine fuel usage 
2.58 kg/orbit 


BEST CASE 
Local Vertical 
0.3° deadband 

90° roll, 30° yaw, 

0 pitch 

14.45 orbits/day 
740.8 km altitude 
Total VCS fuel 0.87 
kg/orbit 

Y engine fuel usage 
TBD kg /orb it 
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will require limited VCS engine usage and should not degrade the 
radiators. However, in this mode, the return flux from outgassing 
could be a maximum resulting in comparable degradation due to 
outgassing if the early missions are 7 to 30 days in length. In 
either case, these surfaces may require cleaning (if this is 
possible) or replacement for subsequent missions. Subsequent 
missions should be less contaminating from an outgassing view- 
point. Additional testing will be required to verify this. 

3 .5. 4. 2 RCS Engine Induced Radiator Degradation - Ten 
aft 900 lb thrust RCS engines (3 facing +Z, 3 facing -Z, and 4 
facing -Y) were positioned in the model with a high degree of 
fidelity. The contamination potential of these engines to the 
Shuttle Orbiter radiator surfaces was determined with an updated 
OMS pod structure in position to account for shadowing. The Y 
facing engines were the only RCS engines that could directly see 
a radiator surface. This surface was node 785, see Figure 37. 

The deposition fate on nod| 785 ger second of engine firing was 
calculated to be 3.3 x 10 g/cm /second for each of the Y facing 
RCS engines assuming sticking coefficient data derived from the 
Lewis Research Center MMH/^O, engine tests. A typical mission 
that can be used to demonstrate RCS radiator degradation is Mission 
19a which is a 7 day mission for the Atmospheric, Magnetospheric 
and Plasma in Space (AMPS) payload. For this mission, a total 
of 417.3 kg of fuel are consumed by the aft RCS engines. Assuming 
this fuel is equally distributed for the aft RCS, 139.1 kg would 
be used by all of the Y RCS engines and 69.6 kg for the Y engines 
on one side of the Shuttle Orbiter. For this fuel usage, the 900 
lb RCS Y engines would operate for a possible 47_^econd^. The 
resulting deposition on node 785 would be 2 x 10 g/cm . This 
deposition level would increase the a of node 785 from 0.08 to 
approximately 0.084 and should present no problem. However, from 
mission to mission, consideration will have to be given to poten- 
tial refurbishment requirements to maintain the baseline thermal 
performance of the radiators. 

In addition to the direct flow of engine exhausts, there, 
will be periods when the return flux of engine exhausts to the 
radiators will exist, ^or Mission 19a mentioned above, approx- 
imately 8,. 0 x 10"' g/ctn would deposit on the radiator for the 
parlmary mission Z local vertical attitude. This deposit would 
increase the' « ' of node 785 to a value near 0.12. For the case 
of return flux, the other, radiator surfaces would degrade to a 
value of a between 0.09 and 0.11. The degradation values will 
significantly depend on the aft RCS fuel usage and the Shuttle 
Orbiter attitude and altitude. 
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3. ,5. 4. 3 QMS Pod Structure Outgassing Induced Radiator f. 
Degradation - Consideration of the view factors between the OMS ij 
pod structure and the Shuttle Orbiter radiator surfaces indicate 

that a significant flux of outgassed material could impinge on jj 
the radiator surfaces. Assuming an initial outgassing rate of | 
5 x 10 -I ° g/cm / second at 100°C for the OMS pod structure, the jj 
flux rate on the radiator surfaces (see Figure 37 for node posi- | 
tion) are: 1; 


Radiator 

OMS Pod 

Flux Rate 

’• ’ i 

Node Number 

g/cm /second 

• fi 

785 

2.0 

x 

icf 11 

V 

781 

1.5 

X 

10- 11 

jj 

773 

1.1 

X 

1CT 12 


777 

6.5 

X 

icf 13 


775 

2.7 

X 

10- 13 

ii 

1 

771 

4.5 

X 

Id" 13 

I 


The temperature relationships between the OMS pod sur- § 

faces and the radiator surfaces varies significantly. This temp- 
erature difference throughout an orbit is required to determine jj 

the deposition levels anticipated on the radiator surfaces and 

the associated a change. Early vacuum exposure periods may | 

exhibit a higher S rate of condensibles. If this is borne out jj 

through testing, it is recommended that RTV 568 replace the B.TV 

560 currently baselined for the TPS bonding since it is reported ; 

to have a lower outgassing rate. jj 

Degrading effects to the radiators can be estimated | 

assuming all of the impinging iluj^ is depositied and the outgas— g 

sing rate stays at 5 x 10“ 10 g/cm /second continuously. After 7_^ | 

days, the worse case for node 785 would be a deposit of 1.2 x 10 f 

g/cm 2 of deposit. This could result in a a as high as 0.14 for s 

the outgassed deposits in the presence of solar radiation (based 

upon thermal surface degradation witnessed on Sky lab) . . | 

: .. ...I. 

3 . 5 . 4. 4 QMS Engine Induced Radiator Degradation - The 
possibility exists that the OMS engines may be used for orbital jj 

maneuvers with the radiator surfaces exposed. If this occurs, f 

the return flux of the OMS engine exhausts can impinge upon the jj 

radiator surfaces. The degree to which this occurs will depend y 

on OMS engine fuel usage and the Shuttle Orbiter attitude and | 

altitude, H 
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An estimate of the radiator degradation resulting from 
the OHS engines during orbital maneuvers can be obtained from 
Mission 19a previously discussed for the RCS engines. For this 
mission, the OMS engines expend 667.7 kg of fuel for forward 
thrust maneuvers and 3350 kg of fuel for retro maneuvers. The 
retro firings are the worst case for OMS engine firings since 
they allow a larger fraction of material to return to the Shuttle 
Orbiter from velocity vector considerations. It has been calcu- 
lated the deposition on the radiator surfaces will be near 
1 x 10” to 5 x 10"’" > g/cm /second. This level of deposits will 

result in a a from 0.225 to 0.24. 
s 

3. 5. 4. 5 Radiator Degradation Summary - All of the four 
major sources (VCS, RCS, and OMS engines plus OMS pod structure 
outgassing) can potentially degrade the Shuttle Orbiter radia- 
tor system. The direct flow from the VCS engines, RCS engines, 
and the OMS pod structure outgassing impact primarily one-fourth 
of the radiator surface area (node 785 and its counterpart on 
the opposite of the vehicle) . The return flux from the RCS and 
OMS engines impact the entire surface area of the radiators. 

The fuel usage requirements for the VCS, RCS, and OMS engines is 
highly mission dependent. It may be possible to eliminate or 
minimize OMS and RCS engine impacts on the radiator surfaces by 
closing the payload bay doors during periods when these engines 
are required to operate. The remaining radiator degradation 
resulting from VCS engines and OMS pod structure outgassing 
would occur over 25% of the total radiator surface area. 

One other potential source of contamination that can 
degrade the radiator surfaces is the return flux of the outgassed 
material from the Shuttle Orbiter surfaces. The degradation 
would be dependent on Shuttle Orbiter exterior temperatures, 
radiator surface temperatures, and Shuttle Orbiter attitude and 
altitude. Assuming the velocity vector is perpendicular to the 
radiator surfaces for hot external Shuttle Orbiter surface 
temperatures, the maxi^i^m possible impingement from return flux 
at 435 km is 1.4 x 10 g/cm /second. If this attitude was con- 
tinuously held, „ the total impingement after-one day would be 
1.2 x 10 g/cm ,7 days woul^ be 8.7 x 10 g/cm , and after 30 
days- would be 3.7 x 10 g/cm . The fraction that sticks to the 
radiators, as mentioned previously, will depend on Shuttle 
Orbiter external temperatures and radiator surface temperatures. 
The flux estimate presented for this situation is a worst case 
value. However, it does show that detailed mission profiles 
are required to determine the magnitude of the problem. The above 
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mentioned accumulative fluxes could be reduced by one or possibly 
2 orders of magnitude through avoidance of the worst case return 
flux situation. However, at lower altitudes, the problem could 
increase about a factor of 20. As detailed mission descriptions 
become available, this potential problem should be assessed in 
detail. 

3.5.5 Mission Planning to Minimize Contamination - In 
comparing the predicted induced environment for the identified 
major Shuttle Orbiter sources against current applicable on orbit 
contamination control criteria, it has been shown that from a pre- 
liminary analysis and design consideration certain aspects of 
these sources will not meet the given criteria. That is not to 
say that the induced optical environment from these sources can- 
not be effectively dealt with from a contamination control view- 
point. It does indicate that in some cases just design control 
influences, such as location and directional considerations, will 
not be adequate to meet the contamination control criteria. As a 
result, certain on orbit operational controls will also be required 
to minimize the contaminant potential of these sources in their 
present configuration. This is particularly true for both the 
flash evaporator (when at X = 1392) and the 25 lb thrust VGS 
engines. These on orbit operational controls will depend strongly 
upon the nature of the particular payload being flown. Conse- 
quently, it is envisioned that as the Shuttle Program develops, 
on orbit operational controls will be required to be identified 
in conjunction with the payloads to provide the necessary con- 
tamination controls. 

In order to meet the intent of the contamination control 
criteria, the influences of contamination upon sensitive surfaces 
and instruments must be integrated into all phases of Shuttle 
Orbiter mission planning . Through proper mission planning with 
contamination control in mind, many of the predicted levels of 
contamination and degradation presented in this report may be 
minimized. Depending upon the sensitivities and susceptibilities 
of payloads to be flown for a given mission, some or all of the 
following control measures might be required to be instituted 
to meet the intent of the contamination control requirements. 

a) delay exposure and operation of sensitive instruments 
until initial high offgassing period has subsided 

(up to 24 hours after launch; 

b) select the highest feasible orbital altitudes to re- 
duce the severity of return flux; 
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c) select vehicle attitudes such as gravity fjratient 
stabilized which minimize VGS usage requirements; 

d) incorporate gimballing capability into the payload 
designs (such as the IPS) to relax Shuttle Orbiter 
pointing requirements and VCS usage; 

e) inhibit the supplemental evaporator system during 
operation or exposure of sensitive instruments; 

f) fly sensitive instruments on Shuttle Orbiter vehicles 
that have been flown previously thus depleting a 
portion of the available outgassing source material; 

g) close payload bay doors during QMS engine firings; 
and 

h) employ sensitive surface covers, heater, and/or 
restrict geometric acceptance angles for the payloads 
to preclude contaminant deposition. 
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4. CONCLUSIONS AND RE COMMENDATION S 

4.1 Conclusions - The following are the conclusions that 
can be drawn from those areas that were either identified or 
investigated during the course of this study that presented a 
significant contaminant potential to the Shuttle Orbiter/payload 
induced environment and/or to the Shuttle Orbiter itself. 


a) Supplemental Evaporator Vent Optimum Location - From 
contamination considerations, the optimum evaporator 
vent positions evaluated in order of least impact are 
aft facing +X, X = 1519 facing +Y, and various X posi 
tions between 600 and 950 facing +Y. All other loca- 
tions contributed in excess of 1012 molecules/cm^ to 
all lines-of-sight considered. 


b) VCS Engine Location and Orientation - For all locations 
and orientations (canting angles) evaluated during this 
study, the VCS engines exceed the 10^2 molecules/cm^ 
criteria. The return flux exceeds the 10 ^ molecules/ 
cm^/second criteria. 


c) Outgassing Molecular Number Column Densities and Return 
F lux - The molecular number column densities for all 
lines-of-sight considered are less than the maximum 
criteria of 10^ molecules/cm^ . The return flux values 
for this source are highly dependent upon the viewing 
angle, orbital altitude, and ambient atmosphere density 
variations at a specific altitude. Over the range of 
these three parameters, the outgassing return flux 
either falls below or exceeds the return flux criteria 
of 10^ molecules/cmV second . 

d) Offgassing Molecular Number Column Densities and Re - 
turn Flux - At a 10 hour on orbit point, the molecu- 
lar number column densities exceed the criteria of 10^ 
molecules/cm for all lines-of-sight. After 24 hours 
on orbit, the molecular column densities are less than 
the, maximum criteria of 10^-2 molecules/cnr for all 
lines-of-sight. The return flux for this source is 
dependent upon the viewing angle, altitude, and ambient 
atmosphere density variations at a specific altitude. 
Over the range of these three parameters, the offgassing 
return flux either falls below or exceeds the return 
flux criteria of 10^^ molecules/cm^/second. 


e) Cabin Atmosphere Leakage Molecular Number Column Densi - 
ties and Return. Flux - The molecular column densities 
of the C0 9 and H„0 components of the leakage sources 
(polar molecules; are less than the maximum criteria 

of 10^2 molecules/cn/ for all lines-of -sight considered. 
The return flux of the H„0 and CC^ components of the 
leakage source are less than the return flux criteria 
of 10*2 molecules/cm^/second for the altitudes con- 
sidered and a physical acceptance angle of 0.19 steradi- 
ans. For viewing angles of 0.29 steradians, the re- 
turn flux criteria would only be exceeded at the 200 km 
altitude situation. The return flux^of the total leak- 
age source exceeds 10^2 molecules/cm /second. 

f) Radiator Degradation - The Shuttle Orbiter radiator 
surfaces can be degraded from direct line-of-sight 
impingement of VCS and RCS engines and the OMS pod 
structure surface outgassants. Additionally, the radi- 
ator surfaces can degrade from the return flux of 
Shuttle Orbiter outgassing, RCS engine plumes, and OMS 
engine plumes. The extent of degradation is a strong 
function of VCS, RCS, and OMS engine usage, the rela- 
tive temperatures of Shuttle Orbiter and radiator sur- 
faces, and the vehicle attitude and altitude. 

g) Evaporator Ice Buildup Potential - For those evaporator 
locations evaluated where they may impinge on cold ad- 
jacent Shuttle Orbiter surfaces, the potential for ice 
buildup exists. This occurs when the flux rate of 
evaporator water vapor exceeds the sublimation rate of 
ice at the temperature of the surface impinged upon. 

The on-off cycle of the evaporator could reduce some 

of the long term ice buildup at specific locations. 

h) Supplemental Evaporator Vent Forces - At locations be- 
tween X = 60.0 and X = 950, the evaporator vent produces 
net +Z forces. At X = 1519, the evaporator vent pro- 
duces small -X forces. At the aft location (facing . 
+X), the evaporator vent produces -X forces. For lo- 
cations between X = 950 and X = 1392, the evaporator 
vent produces small net Z forces but is unacceptable 
from a contamination viewpoint because of the mass column 
density contribution. The forces generated may require 
additional VCS usage to maintain attitude control which 
will tend to increase overall the contaminants. 
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i) Tail Out gas sing Into Payload Bay - The leading edge of 
the tail is essentially the only major surface struc- 
ture that views directly into the payload bay. Depend- 
ing on the early vacuum exposure outgassing rate, the 
leading edge of the tail could degrade sensitive pay- 
load surfaces, 

j) Mission Planning - The assessment presented in this 
report has identified basic contamination parameters 
of concern for the modeled major Shuttle Orbiter 
contamination sources. As a result, it has been indi- 
cated that through basic design consideration complete 
contamination control cannot meet the applicable cri- 
teria. To achieve necessary contamination control will 
require operational considerations for both the Shuttle 
Orbiter and many of its proposed payloads, such as pro- 
per vehicle attitude selection (gravity gradient sta- 
bilized), inhibiting the evaporator vents, use of the 
IPS or gimballed systems to relax pointing require- 
ments, delaying instrument operation until initial 
offgassing has subsided, and flying most sensitive pay- 
loads on Shuttle Orbiters that have been flown enough 
missions to have depleted the outgassing sources. 

4.2 Recommendations - As a result of this study, the 
following recommendations are presented to identify those program 
considerations felt important for implementing or establishing 
the necessary contamination control for the major Shuttle Orbiter 
sources evaluated and identified as a contaminant potential, 

a) Materials Testing - Limited nonmetallic surfaces out- 
gassing and deposition characteristics that are essen- 
tial to accurate contamination modeling and assessment 
are available. It is recommended that the following 
data be obtained during the Shuttle Orbiter Program 
for major nonmetallic materials that can produce signi- 
ficant contamination by virtue of total area of cover- 
age, location, and temperature. 

1) All data should be supplied in form of outgassing 
mass loss per unit area per unit time, g/cm^/second . 

2) The initial offgassing (e.g., light gases, H^O, and 
volatiles) decay curve is required as a function 

of time over the temperature ranges anticipated. 

The anticipated precure or specific surface appli- 
cations should be approximated. 
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3) Once the initial offgassing period has ended, the 
steady state outgassing rate is required over the 
temperature ranges anticipated. Additionally, 

the long term decay of the bulk outgassing rate at 
several temperatures is required. 

4) The initial sticking coefficient as a function of 
the temperature of the source and the temperature 
of the collector is required over the range of 
temperatures anticipated, 

5) At the end of each test, the collector should be 
incrementally heated to a temperature at least as 
high as the source to ascertain the permanency 
and activation energy of the deposit. 

6) Residual gas analysis is required for all the above 
mass loss tests, 

7) Ambient atmosphere readsorption quantities and 
subsequent behavior in vacuum as related to above 
testing is required. 

8) Besides the testing of a material itself, there 
will be situations where geometry influences should 
be evaluated. A simulation of a representative 
geometry should be tested (e.g., recent TPS test- 
ing at MSFC for mass loss rate temperature and time 
dependence) . 

9) The optical properties of specific deposited com- 
ponents should be measured. 

10) Additional data is also desirable so that effects 
of the deposit and the source behavior can be as- 
certained. This would include environmental pro- 
tons, electrons, and ultraviolet radiation and 
their effects on the source outgassing rate and 
VCM deposit characteristics. 

b) Cleaning and/or Refurbishment Requirements - For criti- 
cal optical surfaces of the Shuttle Orbiter and pay- 
loads it is recommended that cleaning or refurbishment 
requirements be identified for major contaminant source 
deposits . 
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c) QMS Engine Firings - Because of the contamination' 
threat to the Shuttle Orbiter radiator surfaces and 
to the payloads, it is recommended that the Shuttle 
Orbiter payload bay doors be closed during OMS engine 
firings . 

d) RCS Engine Firings - Because of the contamination 
threat to the exposed radiator surfaces and payloads, 
it is recommended the Shuttle Orbiter payload bay door 
be closed during extensive use of the +Y facing and 

+Z facing RCS aft engines. 

e) Bondline Seals - For the edges of the TPS surfaces, 
consideration should be given to sealing these areas 
so that gross quantities of outgassants cannot be 
emitted from these areas as observed in TPS panel test 
ing at MSFC. This is especially true for terminal 
edges near windows, radiator surfaces, and payload bay 
door edges. 

f) Testing of Deposits on Radiator Surfaces - Because of 
the potential of engine deposits (MMH/HNO 3 ) and out- 
gassing deposits from RTV 560 on the radiator surfaces 
these deposits should be evaluated for a s changes of 
the Shuttle Orbiter radiator surfaces through testing 
prior to Shuttle Orbiter flights. Simulated solar 
flux is required during testing to ascertain the de- 
gradation potential. 

g) Evaporator Effluents - For payloads that are sensitive 
to the evaporator effluents, consideration should be 
given to the storing of water produced by the fuel 
cell during critical data take periods, if an accept- 
able evaporator nozzle location is not utilized in the 
design of the Shuttle Orbiter. 

h) VCS Engine Effluents - For payloads sensitive to VCS 
engine effluents, consideration should be given for 
mission planning and selection of vehicle attitudes 
which minimize VCS requirements such as gravity gradi- 
ents stabilized. The use of such attitudes in con- 
junction with the IPS or other gimballed system would 
allow for long observation periods between VCS firings 
(possibly as long as one orbit). Another alternative 
is the use of Control Moment Gyros (CMGs) for maintain 
ing attitude control. 


i) RTV 560 Replacement - For critical TPS surfaces, con- 
sideration should be given to replacing the RTV 560 
bonding material with RTV 568 which has a lower bulk 
or characteristic outgassing rate. 

j ) Covering Over Shuttle Orbiter Door /Fuselage Hinge Line - 
If the evaporator or any other overboard vent is placed 
under the payload bay doors, consideration should be 
given to placing a boot or flexible covering over the 
hinge line between the Shuttle Orbiter doors and the 
fuselage. This would eliminate molecular and particu- 
late material from escaping into payload viewing 
regions during vent operation. 

k) Shuttle Orbiter External Temperature Profiles - TPS 
bondline and outer surface temperatures should be 
determined for specific points within an orbit for the 
majority of vehicle attitudes envisioned. These should 
be correlated with temperatures of payload surfaces at 
the same point within an orbit. With this determined, 
a more meaningful contamination assessment can be made. 
Also the temperatures of the Shuttle Orbiter radiator 
surfaces should- be determined for specific missions. 

l) Separation Rocket Booster Motors (SRBM) - The effects 
of SRBM separation rocket plume interactions with the 
Shuttle Orbiter should be determined. 

m) Mission Profiles - Detailed mission profiles including 
parameters required for complete contamination assess- 
ment should be identified; These parameters include, 
Shuttle Orbiter external temperatures, attitudes, alti- 
tudes, duty cycles of each VCS, RCS,and OMS engine, 
evaporator flowrate requirements, and payload viewing 
directions and surface temperatures relative to the 
Shuttle Orbiter. 

n) Mew Evaporator Systems ' - The development of the final 
evaporator' design should include a review of the po- ' 
tential contamination problems of the evaporator. Test- 
ing of the final evaporator design is necessary to 
obtain plume flowfield and particulate generating 
characteristics. This type of testing is currently 
planned for the final evaporator design. 
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o) VCS Particulate Emissions - The VCS engine particulate 
or droplet generating characteristics should be deter- 
mined. The size distribution, velocities, and emis- 
sion direction are important in evaluating payload 
susceptibilities. The point at which the droplets be- 
come frozen is also important for considerations of 
reflection off of Shuttle Orbiter surfaces into pay- 
load lines-of-sight . The molecular effluents from 
these engines exceed the applicable criteria which 
will dictate certain control measures to be instituted 
to minimize f ield-of -view interference. These will 
inherently limit the impacts of generated particles 
from the VCS, as Well. 

p) Payload Impact on the Shuttle Orbiter - Spacelab and 
other payloads should be assessed for their contamina- 
tion contribution to Shuttle Orbiter surfaces. The 
areas of immediate concern would be the deposition on 
Shuttle Orbiter radiator surfaces and the payload bay 
liner and view ports. This would include the periods 
with the payload bay doors closed and open. 
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the text of this report. 

1. Naumman, R. J.: "Shuttle TPS Panel Tests Preliminary 
Results" Working Paper, Space Sciences Laboratory, 

MSFC, January 16, 1975. 

2. Simons, G. A.: "Effect of Nozzle Boundary Layers on 
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Optical Properties of Transmitting and Reflecting 
Materials Exposed to a MMH/^O^ Rocket Exhaust," NASA 
Lewis Research Center. 
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5.2 Abbreviations - The following abbreviations were used 
in this report and represent terminology relevant to this study 
and programs used to obtain supportive data for this study. 


AFU 

ATM 

CDC 

CMG 

CRT 

ECLSS 

ET 

EVA 

H20 

He 

HRS I 

IR 

JSC 

LOS 

LRSI 

M 

MCD 

MFP 

MMH 

MOC 

MSFC 

N 2°4 

N 

N&D 


OGR 

OMS 

QCM 

RCC 

RCS 

RGA 

RSI 

RTV 

S 

SRJ3M 


Auxiliary Power Unit 
Apollo Telescope Mount 
Control Data Corporation 
Control Moment Gyro 
Cathode Ray Tube 

Environmental Control Life Support System 

External Tank 

Extravehicular Activity 

Water 

Helium 

High Temperature Reusable Surface Insulation 
Infrared 

Johnson Space Center 
Line-of- Sight 

Low Temperature Reusable Surface Insulation 

Molecular Weight 

Mass Column Density 

Mean Free Path 

Monomethyl Hydrazine 

Method of Characteristics 

Marshall Space Flight Center 

Nitrogen Tetroxide 

Nitrogen 

Molecular Number Column Density 
Oxygen 

Offgassing Rate 
Outgassing Rate 
Orbital Maneuvering System 
Quartz Crystal Microbalance 
Reinforced Carbon-carbon 
Reaction Control System 
Residual Gas Analysis 
Reusable Surface Insulation 
Room Temperature Vulcanized 
Sticking Coefficient 
Solid Rocket Booster Motor 
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TPS 

- 

Thermal Protection Subsystem 

UV 

- 

Ultraviolet 

VCS 

- 

Vernier Control Subsystem 

VCM 

- 

Volatile Condensible Material 

“s 

- 

Solar Absorptivity 

°C 

- 

Degrees Centigrade 

cm 

- 

Centimeters 

e 

- 

2.718 

eV 

- 

Electron Volt 

o 

- 

Degrees 

°F 

- 

Degrees Fahrenheit 

ft 

- 

Feet 

g 

- 

Gram 

in 

- 

Inch 

°K 

- 

Degrees Kelvin 

Km 

- 

Kilometer 

lb 

- 

Pound 

m 

- 

Mass 

9 

- 

Angle in degrees 

V g 

- 

Microgram 

psi 

- 

Pounds per square inch 
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5.3 Definitions - The following definitions are presented 
to clarify terminology used in this report which reflect unique 
characterization of the principles, procedures, and methods of 
application that would be generally applicable to utilization of 
the results of this study. 

a. Mass Column Density - The mass contained in a constant 
unit cross-sectional area extending from an origin to 
infinity, expressed in units of Mass/Unit Area. 

b. Number Column Density - The number of molecules con- 
tained in a constant unit cross-sectional area ex- 
tending from an origin to infinity, expressed in 
units of Molecules/Unit Area. 

c. Flux - Mass flow through a unit area, expressed in 
units of Mass/Unit Area/Unit Time. 

d. Line-of-Sight - The line being sighted from a critical 
surface and extending along a given direction of in- 
terest to infinity. Column densities are calculated 
along lines-of-sight. 

e. View Factor - That fraction of the total mass leaving 
one surface that is capable of impinging upon another 
surface of interest in its field-of-view. 

f. Interaction Sphere - Geometrically developed spheres 
along a given line-of-sight which establishes surface- 
to-surface relationships in its field-of-view such as 
distance, angular, and view factor. 

g. Return Flux - The mass flow of contaminants through 
a unit area reflected back to a surface of interest 
as a result of collisions with the ambient atmosphere 
expressed in Mass/Unit Area/Unit Time. 

h. Outgassing - That contribution to contamination which 
comes from the material bulk characteristics and is 
long term in nature. 
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i. Offgassing - That contribution to contamination which 
is related to the volatiles which are either adsorbed 
to the material and/or carried in the preparation of a 
material and boil off very rapidly when exposed to 
vacuum. 

j. Beta Angle - That angle between the orbit plane and 
the earth-sun line. 
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1. SCOPE 

1.1 Purpose - The purpose of this Appendix is to present 
a computer printout of the configuration descriptions and geo- 
metric relationships used in the contamination analyses described 
in the text. The information presented is representative of the 
development of the contamination modeling effort to date. It 
can be extremely useful in understanding the geometrical rela- 
tionships used in the model predictions established under this 
study. 


1.2 Scope - This Appendix presents the computer printout 
data generated during the Payload/Orbiter Contamination Control 
Assessment Support, NAS9-14212. Contained herein are the com- 
puter listings of the input surface data matrices, the view 
factor data matricies, and the geometric relationship data 
matrices for the Shuttle Orblter configuration analyzed in this 
study. This configuration has been broken up into the geometrical 
surfaces and nodes necessary to define the principle critical _ 
surfaces. A number scheme was established based upon nodal numbers 
that relates the various Shuttle Orbiter surfaces to a specific 
surface material or function. The nodal numbers and numbering scheme 
are presented in tabular form along with an accompanying figure 
to illustrate the location of the major nodal surfaces. 

2. COMPUTER PRINTOUT DESCRIPTIONS 

2 .1 Discussion - The computer modeling of the induced con- 
taminant environment of the Shuttle Orbiter involved the geometric 
synthesis of all major surfaces. These surfaces were synthesized 
on a CDC 6500 digital computer using the Scope 3.4.1 Operating 
System by utilizing a mass transport analog to thermal radiation 
as reported in "Thermal Radiation Analysis System" ‘ (TRASYS) , 

NAS9 14318, MCR 73-105, Revision 1, May 1975, Lyndon B. Johnson 
Space Center. For this study effort, input surfaces included 
the baseline Shuttle Orbiter configuration updated to known cur- 
rent design modifications. Vent and engine sources were modeled 
as geometric discs representative of a surface at the engine vent 
exit plane emitting with the characteristic plume distribution of 
the particular source. 

The Shuttle Orbiter surfaces were assigned nodal numbers be- 
tween 1 and 999 . The Shuttle Orbiter was described geometrically 
by 60 basic surface shapes. These surfaces were further subdivided 


Table A-I. Summary Table for the Shuttle Orbiter Geometry Breakdown 





SURFACE 

NUMBER 


general area 

NAME 

TYPE 

NUMBER 

OF NODES 

NODE NUMBERS j 

COCKPIT 

Extreme Nose 
Cone 

Paraboloid 

122 

4 

122,123 

124,125 


Nose Cylinder 

Cylinder 

320 

16 

320,321,322,323,324,325, 

326,327,328,329,330,331, 

332,333,334,335 


Hood (Partial 
back) 

Paraboloid 

(Partial) 

340 

16 

340 , 341 , 342 , 343 , 344,345 , 
346,347,348,349,350,351, 
352,353,354,355 


Window 

Paraboloid 

(Partial) 

360 

16 

360,361,362,363,364,365, 

366,367,368,369,370,371, 

372,373,374,375 


TOTAL SURFACES 

= 4 TOTAL 

NODES = 

52 


BAY 

Front Bay Area 
Disc (Sealer) 

Disc 

135 

1 

135 


Bay Area 
Cylinder 
(Liner) 

Cylinder 

150 

8 

150, 151,152, 153,154, 155 , 
156,157 


End Bay Area 
Disc (Sealer) 

Disc 

140 

1 

140 


+Y Side Door 

Cylinder 

781 

8 

781,782,783,784,785,786, 

787,788 


-Y Side Door 

Cylinder 

791 

8 

791,792,793,794,795,796, 

797,798 


+Y Radiator 

Cylinder 

771 

8 

771,772,773,774,775,776, 

777,778 


-Y Radiator 

Cylinder 

761 

8 

761,762,763,764,765,766, 

767,768 


Table A-I. Summary Table for the Shuttle Orbiter Geometry Breakdown - continued 

SURFACE NUMBER 


GENERAL AlEA 

NAME 

TYPE 

NUMBER 

OF NODES 

NODE NUMBERS 

BAY 

4-Y Side Front 
Trapezoid 

Trapezoid 

301 

1 

301 


Body Side 
(Middle Part) 

Rectangle 

305 

1 

305 


-Y Side Front 
Trapezoid 

Trapezoid 

311 

1 

311 


Body Side 

(Middle 

Starboard) 

Rectangle 

315 

1 

315 


Body Bottom 
(Front) 

Rectangle 

401 

1 

401 


Body Bottom 
(Rear) 

Rectangle 

402 

1 

402 


TOTAL SURFACES 

= 13 

TOTAL NODES = 

48 


WINGS 

Wing Triangle, 
Front, 4-Y 

Polygon 

1 

1 

1 


Wing Triangle, 
Middle Front, 
4-Y 

Polygon 

2 

1 

2 

* 

Wing Rectangle, 
Middle Front, 

4Y 

Rectangle 

143 

1 

143 


Wing Rectangle, 
Middle Back, 4Y 

Rectangle 

3 

1 

3 


Wing Rectangle, 

Rectangle 

144 

1 

144 


Middle Back, +Y 






Table A-I, Summary Table for the Shuttle Orbiter Geometry Breakdown - continued 


GENERAL AREA 

NAME 

TYPE 

SURFACE 

NUMBER 

NUMBER 
OF NODES 

NODE NUMBERS 

WINGS 

Extended 

Aileron 

Top 

Rectangle 

900 

1 

900 


Extended 

Aileron 

Inner 

Rectangle 

901 

1 

901 


Wing Triangle, 
Rear, +Y 

Polygon 

4 

1 

4 


Wing Triangle, 
Front , -Y 

Polygon 

• 10 

1 

10 


Wing Triangle, 
Middle Front, 

-Y 

Polygon 

11 

1 

11 


Wing Rectangle, 
Middle Front, 

-Y 

Rectangle 

141 

1 

141 


Wing Rectangle, 
Middle Back, 

-Y 

Rectangle 

12 

1 

12 


Wing Rectangle, 
Middle Back, 

-Y 

Rec tangle 

142 

1 

142 


Wing Triangle, 
Rear, -Y 

Polygon 

13 

1 

13 


TOTAL SURFACES 

= 14 

TOTAL NODES = 

14 




Table A-I. Summary Table for the Shuttle Orbiter Geometry Breakdown - continued 


SURFACE NUMBER 


GENERAL AREA NAME 

TYPE 

NUMBER 

OF NODES 

NODE NUMBERS 

REAR Body Top 

(Rear-Star- 

board) 

Cylinder 

202 

1 

202 

Body Top 
(Rear- Port) 

Cylinder 

212 

1 

212 

Body Side 
(Back Port) 

Rectangle 

306 

1 

306 

Body Side 
(Back 

Starboard) 

Rectangle 

316 

1 

316 

OMS Pod Cl -Y 

Cylinder 

184 

1 

184 

OMS Pod C2 +Y 

Cylinder 

174 

1 

174 

OMS Parab -Y 

Paraboloid 

182 

1 

182 

OMS Parab +Y 

Paraboloid 

172 

1 

172 

OMS Rear 
Sealer 

Discs & Trap 

29,31,32,33, 

34,35,36 

7 

29,31,32,33,34,35,36 

-Y OMS Front 
Sealer 

Disc 

20 

1 

20 

+Y OMS Front 
Sealer 

Disc 

21 

1 

21 

Back Rectangle 
7.35 Deg 

Rectangle 

222 

1 

222 

Rear End 
Half Disc 

Disc 

22 

2 

22,23 

+Y Rear Side 
Taper * 

Trapezoid 

145 

1 

145 




Table A-I. Summary Table for the Shuttle Orbiter Geometry Breakdown - continued 





SURFACE 

NUMBER 


GENERAL AREA 

* NAME 

TYPE 

NUMBER 

OF NODES 

NODE NUMBERS 

REAR 

Rear Bottom 
Edge 

Rectangle 

146 

1 

146 


Sloping Rear 
Flat Plate 

Rectangle 

147 

1 

147 


-Y Rear Side 
Taper 

Trapezoid 

149 

1 

149 


Vertical Pin 
Port 

Trapezoid 

380 

1 

380 


Vertical Pin 
(Aft-Port) 

Trapezoid 

385 

1 

385 


Vertical Pin 
(Starboard) 

Trapezoid 

390 

1 

390 


Vertical Pin 
(Aft-Starboard) 

Trapezoid 

395 

1 

395 


Vertical Pin 
Leading Edge 

Rectangle 

399 

1 

399 


TOTAL SURFACES 

= 28 ' 

rOTAL NODES = 

29 


ENGINES + 

OMS Engines 

Disc 

700 

2 

700,701 

EVAPORATORS 

OMS Engines 

Disc 

702 

2 

702,703 


Top Engine 
(SSME) 

Paraboloid 

800 

4 

800,801,802,803 


+Y Engine 
(SSME) 

Paraboloid 

805 

4 

805,806,807,808 


-Y Engine 
(SSME) 

Paraboloid 

810 

4 

810,811,812,813 


Table A-I. Summary Table for the Shuttle Orbiter Geometry Breakdown - continued 


GENERAL AREA 

NAME 

TYPE 

ENGINES + 

Back VCS 

Disc 

EVAPORATORS 

+Y-Y 



Back VCS 
+Y-Z 

Disc 


Front VCS 
+Y-Y 

Disc 


900 lb RCS 
-Z 1st 

Disc 


-Z 2nd 

Disc 


-Z 3rd 

Disc 


900 lb RCS 
+Y 1st 

Disc 


+Y 2nd 

Disc 


+Y 3rd 

Disc 


+Y 4th 

Disc 

! 

900 lb RCS 
+Z 1st 

Disc 


+Z 2nd 

Disc 


+Z 3rd 

Disc 


Forward Evap. 

Disc 


Middle Evap 1 

Disc 


Middle Evap 2 

Disc 


SURFACE 

NUMBER 

NUMBER 
OF NODES 

NODE NUMBERS 

24 

2 

24,25 

26 

2 

26,27 

18 

2 

18,19 

710 

2 

710,711 

712 

2 

712,713 

714 

2 

714,715 

720 

2 

720,721 

722 

2 

722,723 

724 

2 

724,725 

726 

2 

726,727 

730 

2 

730,731 

732 

2 

732,733 

734 

2 

734,735 

705 

1 

705 

16 

2 

16,17 

707 

2 

707,708 

407 

1 

407 


VO 


Aft Evap 


Disc 


Table 

GENERAL AREA 

ENGINES + 
EVAPORATORS 


l-I, Summary Table for the Shuttle Orbiter Geometry Breakdown - concluded 


NAME 

TYPE 

SURFACE 

NUMBER 

NUMBER 
OF NODES 

NODE NUMBERS 

Aft Evap ( — X) 

Disc 

15 


1 

15 

Rear Center 
Evaporator 

Disc 

740 


2 

741,742 

TOTAL SURFACES 

= 24 

TOTAL NODES = 

51 



ENGINES (18) 
EVAPORATORS (6) 

ENGINES (42) 
EVAPORATORS 

(9) 
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into a total of 194 nodes. Table A- 1 presents a summary of these 
surfaces by indicating general area, name of surface, type of 
geometric surface used, surface number, number of nodes, and 
node numbers. 

Figure A-l illustrates the primary Shuttle Orbiter nodal sur- 
face number locations. Only the primary nodal surface number 
locations have been identified. As indicated in Table A-I , a 
large number of different surfaces have been used to obtain the 
necessary fidelity to accurately define a particular Shuttle 
Orbiter surface shape. Some of these surfaces are of limited 
use in an assessment and have not been included in Figure A-l 
Those surfaces depicted to represent the majority of surfaces 
necessary to understand the basic content of the computer print- 
outs and the contamination analysis and evaluation conducted 
during this activity. 

The computer printout of the- configuration view factor model 
consists of three data matrices which will be described in the 
following subsections. These data matricies are: 

a) the Input Data Matrix; 

b) the View Factor Data Matrix; and 

c) the Geometric Relationship Data Matrix. 

2.2 Input Data Matrix Description - This matrix consists 
of all the necessary input data required to completely describe 
the geometrical surfaces and configurations analyzed. Figure A-2 
is an example of the format of the input data matrix for selected 
Shuttle Orbiter surfaces. Following is an outline description of 
the major items contained in this matrix (see Figure A-2) : 

a) nodal surface number; 

b) geometric surface type - rectangle, disc, cylinder, etc.; 

c) sides of surface activated - ability to emit or receive 
contamination; 

d) surface shadowing effects ; 

e) surface ability to be shadowed; 

f) surface rotation about major axis system; 


Y 



Figure A-l. Primary Shuttle Orbiter Nodal Surface Number Assignments 
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Figure A-2. Computer Printout Example of Input Data Matrix 
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g) point input data - three dimensional input with respect 
to program axis system; 

h) thermal property of surface emissiyity; and 

i) comment - surface name and description. 

2.3 View Factor Data Matrix Description - View factor out- 
put data is contained in this matrix for all modeled Lambertian 
surfaces capable of impinging upon susceptible surfaces of inter 
est. Figure A-3 is an example of the view factor data matrix 
for selected Shuttle Orbiter suface to surface relationships. 

The outline below describes. the main items of the view factor 
data matrix (reference Figure A-2) : 

a) Node I - emitting Lambertian surface number; 

b) Node J - receiving surface number from Node I; 

c) computation - verification flag of view factor calcu- 
lation; 

d) FE(I,J) W/SHAD - view factor fraction of mass leaving 
Node I capable of impinging upon Node J considering 
third surface shadowing; 

e) FE(J,I) W/SHAD - reciprocal view factor fraction of 
mass leaving Node J capable of impinging upon Node I 
considering third surface shadowing; 

f) FA(I,J) W/SHAD - view factor same as d) used internal 
to program; 

g) F(I,J) WO/SHAD - view factor fraction of mass leaving 
Node I capable of impinging upon Node J if no third 
surface shadowing is considered. 

h) SHAD. E Factor - percentage of Node I not shadowed 

from Node J; • 

i) SHAD. A Factor - same as h) internal to program; and 

j) CP time - computer time required for view factor 
calculation accumulative for each Node I. 
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Computer Printout Example of View Factor Data Matrix 
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2.4 Geometric Relationship Data Matrix Description - 
This data matrix supplies the computer output information on 
the geometrical relationships between all Shuttle Orbiter sur- 
faces capable of viewing each other. This data is used in 
conjunction with the closed form mathematical source charac- 
teristics for sources other than Lambertian to determine contami- 
nant fluxes at surfaces of interest. Figure A-4 is an example 

of the* geometric relationship data matrix for selected Shuttle 
Orbiter surfaces. The online below describes the major items 
depicted in Figure A-4: • 

a) NODE I - Source surface number; 

b) NODE J - Receiving surface number from Node I; 

c) F(I, J) - View Factor, fraction of mass leaving Node I 
(Lambertian) capable of impinging upon Node J; 

2 

d) AREA - Surface area of Node I in ; 

e) THETI - Angle that radius makes with Node I normal; 

f) THETJ - Angle that radius makes with Node J normal; 

g) RADIUS - Distance between Node I and Node J center 
points in inches; 

* h) NORMAL VECTOR - Node I perpendicular vector (X,Y,Z 

components) normalized to amplitude of Node I surface 
area; and 

i) POSITION VECTOR - Vector (X,Y,Z components) from 
central axis origin to center point of Node I. 

2.5 Shuttle Orbiter Data Matrices- The following subsection con- 
tain the computer printout data matrices as previously described 
for the Shuttle Orbiter. 

Figure A-l in the text describes the primary Orbiter nodal 
surface number locations. A summary listing and description of 
the Shuttle Orbiter nodal surfaces is contained in Figure A-5 , 
which follows ■■■■■■ 
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figure A-4. Computer Printout Example of Geometric Relationship Data Matrix 
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Figure A-5. Summary Listing and Description of the 

Orbiter Nodal Surface. Assignment - continued 
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Figure A-5. Sunmary Listing and Description of the 

Orbiter Nodal Surface Assignment - continued 
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Figure A-5. Sumnary Listing and Description of the 

Orbit a r Nodal Surface Assignment - continued 
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UP UOC V Slllt IlACK-PCkT ) JC6 

BOTTOM -Y SUw FkCNI TWTPCZOIO 
TOP 300 V Slot (MIOCLt-SIOOl 315 

UP UOLV Slut IdsC.K-S lt<U» 316 

CUTSIO OOCY TO*- (sTEU-FiAP I 202 
OU TSI J HOC V TOP (UWT-kCAR) 212 
TOP VERTICAL F IK (PUkl> 2J 

TOP VERTICAL FlP (FOkl-AFIl 20 

BOTTOM Vt R 1 1 C Al FIN (S1BCI 2C 

BOTTOM VERTICAL FIN CSIPC-4FTI 20 

10P ..POST FOkWAkO tVAUPATOP 

BOTTOM SOPtK E NO IKS TOMS LOCAT 

TOP -»UPtR ; KOI NS C OM j L CCA T 

BOTTOM SUPtR £ Nl» I NS (OPS L CCA T 

TOP SOPtK £1401 NS (OPS LOCAT 

BOTTOM ...FRONT kCS.. LOCKING 4/-V AT 
TOP ...FRONT RCS.. LUOkInG «/-V AT 

BOTTOM . ..NlUtt tVAF • LCCM.TG »/- Y. 

TOP ...MUULt t L AP . LOOKING ♦/- Y. 

TOP VtRT. FIN LOG. tUGE 2 


Figure A-5. 
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2.5.1 INPUT DATA MATRIX 


The following pages contain the input data 
computer printouts for the Shuttle Orbiter 


configuration. 
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BLOCK 

123*5o78 1 23**0 78 2 23 *5678 3 23*5676 * 23*5678 5 23*5b78 € 23*5678 7 23*5678 8 EOIT «D. OcD EDIT NO. I ABEL 


Ml A 0 

ER SURFACE DATA 

1)5 

AA 

I 

ICSN * 

1 

1) o 

AA 


TX * 

8. (0oG0«j OJ j 0c» J2 

1)7 

AA 


TY * 

C. 

la 8 

AA 


T 2 = 

0. 

13 « 

AA 


*012 * 

-18C . ICj 3 

lJa 

AA 


ROT Y * 

-0 • 

U l 

AA 


<0T X = 

c . 

1 j 2 

AA 

I 

ICSN * 

2 

113 

AA 


TX = 

•5 • I.jCJ *003 SE+02 

li* 

AA 


TY * 

C . 

115 

AA 


T l - 

c. 

1 > o 

AA 


ROT 2 * 

-i8c.*;oo 

ii7 

AA 


ROT V = 

~ c • 

lid 

AA 


RuT X * 

c • 

139 

AA 

I 

ICSN = 

3 

2j a 

AA 


TX * 

o. ( wC OJ OCDJ 0cO2 

2. 1 

AA 


TY = 

C . 

2. 2 

AA 


T l - 

U • 

2. 3 

AA 


*0 TZ = 

-9t . (CC 0 

2.* 4 

AA 


TOT Y s 

-C. 

2, * 

AA 


TCI X = 

9C . IwC 9 

2. a 

AA 

I 

ICSN * 

4 

2’ 7 

AA 


TX * 

*. » 0 0 u 3 J C *» 3 G — ♦ C 2 

2.i a 

AA 


T Y = 

o.«93&30003C£*0l 

2. 9 

AA 


T 2 * 

2 • ^^CuwCcO-Jt^Ol 

21 w 

AA 


RJ T Z « 

79.7CC0 

2.1 

AA 


<0 r y = 

*1 • io:c 

2. 2 

AA 


<orx » 

w . 

2. 3 

AA 

1 

ICSN * 

5 

2. * 

AA 


TX = 

*.j3:o9ccauoc«c2 

21 -j 

AA 


T» = 

-6.29£G3C2*0*£+fll 

2l o 

AA 


T 2 * 

2.CCCG00G39 8£*(}1 

2. 7 

AA 


ROT 2 = 

1 3 w • * u j c 

2i 8 

AA 


ROT Y * 

-ci . isoa 

21 9 

AA 


ROTX 

c . 

22 u 

AA 

1 

ICjN* 6 


22 1 

AA 


IX--195. 


22 2 

AA 


TY* j. 


2' 3 

AA 


TZ*1*. 


22* 

AA 


KDTX*0. . 

‘-OTY*9tl ..KOTZ=3 . 

2: 3 

AA 

I 

1SSN=7 


22 o 

AA 


TX=-116. 

* TY*a . * TZ= 1*. 

22 7 

AA 


<0T X* 0. * 

<OTV=9Q.,ROTZ=3 . 

22 3 

AA 

I 

1 0 j N * 8 


2. 9 

AA 


I )( — • 1 1 fc# • * T Y-u • • T ? 8 14 • 

£*> V 

mA 


kJI X*0. * 

OT V = 9C •* ROT 2*3 . 

2) 1 

AA 

I 

ICSN*9 


23 2 

AA 


TA«:»o. * TY* 

* •• T/ 8 1 4* 

23 3 

AA 

• 

O! X*C. .-vOTY*^... « «CT2=C. 

2) * 

AA 

I 

1CRRM3 


2)5 

AA 
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T t 1 *2C • , rY*.t(T^-l*«» 

Oiks:,, -CTY=9C..KOT7=0 . 
IC3N ‘11 




,IY = 

-7d. is 

. T Z =c5 • d o 


NOT X* 

w • 

Ul Y=<it 

. , PO T /= J . 

I 

l C 3(1* 1 2 





1 A - -♦ / W • 

• I*- 

*7 o . 1 <• 

,T2*o5.3o 


<ulx*3 . , 

KCIY* Jw. 1 

»\0T Z : u • 

I 

ic:i«i3 





1 x * - 7 L J 

.. 1* 

*J.. T2 

=;e. 


-.013 4 . . ., 

,<0T*s-u3. 

|<tOT / * 4 • 

I 

1 L 3 r. * - 





1 *--/;7. 

. rr* 

4* G f * l 

=-5 L. 


\0l x*3 . 3 

. <01 

V- “d i • 

,*or7= J. 

I 

I3-.I* 

1 Z 




K*“7ll.« 

«< 

1* 

r 

n 

» I Z = C • J 


<T 1 <* 

,.c. 

»0 f r 

=♦47,35. <0T7 s i.C 

i 

1‘. .1* la 





r / * - / / 1 

• bit 

r * * i j i 

•Jit TZ-lw?toJ 


?JI <• 13 

U. 

• 

t 

01 x* n 

. ,KOT2=3 . 

I 

I3V1* 1 7 





r<*-7.5 

..i* 

*-0 d . , 

I'=7C.5 


HJl <*i. 

,«oi »*-?••. 

Ij3 ,^0T2 *12.241 

I 

I0i»l*2 

* 




f A • • • t 

TY-i 

32. . T7 

“ w • 


:ul x = - 

j 9 t • 

or v*4. 

,vnT7=C. 

I 

£-i.i*2 1 




ixs;., ty =- i.2.»i2*:. 

< JT X* 3*. 1 1 i *t . , 4JT 2 = j . 

i icsmo: 

T * *m . . T ( s#« « 12 - I , 

4 J f ¥ s j . , V J I Y 1 v , » kO T 2 “ j « 

I ICSJ *2'- 

TX = - 71 *,73,TV=ll7.3»T2=21.87 
*Jf X* ,?0I Y«lt. .-or 2 * 3. 

I IC3I1*'7 

TX *- 732. 875, TY=-IU. 25, 12*21.125 
<0fX«2,I., '01 Y*12.»*UT2*3. 

I IwS:i*28 

!<=-/. 5. J75,TY*115. u25 .12*35.3;: 

*OT x*2 J. , «0T Y*12. ,«<CT2*3. 

•ICS ui-.JS 

S ;j>rris 3 : . 3 , T > Pi = j ISC » -»H Au c *NU , ISM-ii,. * JOIN , Al T I Yc.* TCP 

•*i*3.,-.,i;?. 

P2* ! . , 2. 1-, 137. 

•» 3* 2. I •»»«:. tie 7. 

•»4»2.i«,:..ic7. 

•»<op * j . . : . 

201** ...'•.H C1AL UI ‘Cl L‘I'1cNSICNS*SfMi«eSI . .NO. 1..* 

3U<FW* J. f YP£*Ul$C»SMAJt,*l«0» »SM10t*30TH,ACIItE*ICF 

pi*;.,r. ,:i i. 


2j o 
2.7 
2- a 
2-4 
2. J 
2-. 1 
2-2 
2-> 3 
2 - - 
2 -» > 
2-t o 
2. / 
2- d 
2- i 
2 . . 
2. 1 
2 / 2 
2- 3 
2- - 
2-* 3 
2^o 
2./ / 
2. ■» 
2 4 
23 J 
2» 1 
2j2 
2-.J 
2-4 
2. -J 

1- j o 

2- 7 
2 > o 

231 


2/ 

27 

2. 

27 


j 
1 
2 
3 
27 *• 
2 < » 
2 / 6 
27 7 
2 . a 
2 1 
2 t 3 
2 i 1 
2*2 
2* < 
2s , 

2* 3 


AA 

AA 
AA 
A A 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
Aa 
AA 
AA 
Am 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 

Mm 

AA 
AA 
AA 
AA 
AA 
mA 
AA 
AA 
A A 
AA 
AA 
mA 
AA 
AA 
AA 
M A 
AA 
AA 
AA 
AA 


> 

I 

N3 

LA 


t 




MAI. 

HOilcl 
10<<F « 

IK.jI 

l 

I 
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s 


a3 : ja«7»7b|lli« ( 

P J s 7l t Lt a • • 1 1 ■> a 

° .* ’ • J Eif C. alii. 

i* .ir* - 3 . . C . 

J01-» ...IfcClAL Jl'.ClUiN: U'j I OKj- S M'w <C L> I a ah'Ja £..• 

ilHl N= i. ; l„, T YF:. -111 >0 AUu=NOa JSN-.ll. = iiOlH, AC I I VL=TCP 
*»i- *127. 

J 7' J.t?a^«alil a 
1 . > ** t a *1 7 ('a 

- 2 a > ** a C a *l?7a 
J •**»#. *3. 

;ji-» ...ACHl U I _>C ( DIH.NS1 C7 j- > . . KU. J..* 

.'J-ifti- vlla* T Y Fc *01 SC.SMaj? =MO, ISNALi *00 Th, Ac1IVl=TCF 

r J . = -.f-.*!*al. 

- J a • 'aK.'llala 
' : ' J a ^ a a aa |i **t a 

»* *- u * 2 (' i • a 1 .1 a 

J < 1 7 ■** *«**_. 

l.H*» C1*L II I SC I 0 l H „ N‘ll C 7 S* la f h C « L a I a a A 0 . *. a a * 

iUtr'N- aa..a H^^ulLC.aill AUt. *N0. <lf.M-.lt* JOIN, mc 1 I VE - T CF 

!»;*(» a « a. a! >J. 

•V-j a a a 12.1 -F . 

-* i* I . K' < . . * i 5 C a 

* *• “ a a 1 a* a 1 » I a V t a 
a* 1 Jl* • a a a C a 

i J I - * a a a.*' . i* I At J l!ai«l Ul H.Nwl LKa - a a NO a ? a a * 

JlKMl- aka>aHI’C>llSC*Si< YOl. - NO * JLMatllk * LlO fM *ACIlVE*TCF 

# l-.**.***7-a 

•V ... - I 7*. a 

■'>"ia*~*J **!/•* 

A a : 1 a t L I aa a a 1 7. a 

•* . U * j a, *. 

,J1:» . a a jKr CIA. 0I1CI JI:1.N;,11 NS*SFFl«cSI . .NO. u . . • 

31 <F w* aaJv.TlHC -ilI5C.SHAo t :*UO,J*-*«»Ot*OiJrM,ALriVt*TCl5 
■l-- -: . a 3. .142 . 

>2-. . ai. l-.i >2. 

.* J* J # 3 — a a a • 1 92 • 

**a s j .!*». r a alia . 

- J a a 3 a 

vUK’ a... n :i)AL JlSGIOIflcNSIOAb iFMt^tila.M). 7..» 

.J>1 .«* , Z . ■ « f * FE. *01 GCfSHAUr *NO. ISM-0:* JO fH, Atl I Vc* ICF 
•’lxj.a . 

i»2» 2-a-’l-a 

* > k kaa aa 1 a a31*a 
•***<..? aa l a *21 -a a 
.*» J«* * ; a. : a 

j ro* a a a lit C lAl. J I fall I 0 1 H .. I«S I 0 A J - jf Mfc 7 t S > a a Ml • baa* 

lW«r S ■ > ; * a I Y ° c - J 1 1 C . f. I AOt *NO. Jill 10: - JC?M« AC 1 1 ¥C * TCF 

^1 ;< * a. at • 'a* . a 

a a aa f - la?* a 
** J- * a a a 1 a C a .2 J'a a 


2j7 

AA 

23 • 

AA 

2j* 

AA 

213 

AA 

21 1 

AA 

2«2 

AA 

2i3 

Aat 

2i •* 

AA 

2#> 

AA 

2i a 

«A 

?l' 

AA 

2 1 d 

AA 

2 i J 

AA 

La 

AA 

J. 1 

AA 

J. 2 

aA 

3. J 

AA 

J- T 

AA 

i. 3 

AA 

j. U 

AA 

a. / 

AA 

i. 0 

Aa 

j 1 

AA 

L ii 

AA 

3. 1 

AA 

J; 2 

AA 

il 3 

AA 

J: *. 

AA 

ia a 

AA 

3. o 

AA 

31 7 

mA 

ii 6 

AA 

3: * 

A t 

3. J 

AA 

3a l 

AA 

3-2 

AA 

3- 3 

AA 

3J •* 

AA 

3^» 

AA 

3.' v 

AA 

3J 7 

AA 

i: e 

AA 

! 1 

AA 

3j 0 

AA 

3; i 

Aa 

312 

Aa 

313 

AA 

31 •* 

AA 

3j > 

AA 

3 > o 

AA 

3; 7 

AA 


JAlt 4-/4.' 6/ /a fIM. 


Ji i 3d 
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s 


**s*.a2.J. »2?b. JJO 

PROP= J.,0. * 33 9 

001=* ...dPcClAL 0 I jC tOIlcNSI CAS-iFFcR ESI . • NO • 9..* 3* i) 

SURFN* 30-.5,TYPc=OISC.SHAaC = NU,JSMAOc=tfOlH,ACriVtsTCP 3*1 

Pl*w.t w. t 3*2 
»2«».»5.C)*25>.. 3*3 

P3=a . 3 d. w. .25*. J*** 

P**5»3tt»*»»254. 3*5 

PROP = 3 . ,0 . 3* o 

„Ji=* ...SPcCImL JISCIOlNENSICASsSFMcRtil . .NO. 10..* 3*7 

JO-im* a 3 = ;.TVPc*31SC.5HAntsNO f 3SMAOc*BOFH t ACTlW£sTCP 3*. d 

3*j 

•*2» ) • . 5 . t> ,»»2A3. 3a i 

■*3* a • oo» a • .2 83. 3 j 1 

P * - 5 • j t> • * • *263* 3a 2 

P*0PsJ.,3. 3a 3 

-J9S* ...SPECIAL U i 1C ( 01 He NSI CAS -SPHERE! I • .AO.il.** 3a* 

->U<r S- a %i, TVPc=QISC.SnA0E=N0,dSHA0E=dOTH,ACTlVE=TCP 3a j. 

P l*a • • 3* • 311 • 3a O 

P2=a. ■ 6.22.311 . 3a 7 

P3*o.22t C. ,311. 3a i 

o«a a.22. C. t311 . 3a 9 

P<UPS|).»0. 3a a 

C0i = • ...SPECIAL 0ISC101H>-NSI CAS=SPH£RES» . .AO. 12. .* 3a 1 

SURFNs 53oJ« TtPt»JlSC,SHAOt=NO.dSHAO£aOOTH,ACFl¥E=ICP 3w2 

Pl«3 • • 0. * J*b. 3o 3 

P2»* • * 6. )2.3*c. 3a* 

P3 *6 • 3 2 » C . 1 3 Wo . 3a 5 

P**o. >2. *. . 3 *o • 3 a b 

P<3P=i).»3. 3 a 7 

C01-* . . .SPEC I AL OISCC OIH<.NSICAS z SFPti<cS» . .NO. 13..* 3 k d 

aURFN* 50-aSf IYP£*0ISC .SHADE* NO ,dSHAUt*dUTM,ACTlVE»TCP 3 a 9 

Pi*J.«G.,?A2. 3'J 

*2** • * 7. q**3 A2 • 3« 1 

Pjs 7. o*. 4. • 182 ■ 37 2 

P**7.b4fC..3tft* 3< 3 

PROP** • • C • 37 * 

C09 = * . . .SPECIAL 0 IdC CGI M_NSIOAS=SPHc.Rts> . .AO. 1*. .• 3.’ 5 

aURFN* iCr«. TVPcsOISC,SMAOt=NO,dSHAOcsaOlM, ACT1VE*TCP 3. u 

Pl«e.«:.t>*52. 377 

P2 = li . * 9. C* t *52 * 3 A 

“3 = 9. J*, 0. »*52. 379 

P*s9.3*t0. « *5? * 3a J 

PROP = a . • 0 . 39 1 

20N = * ...SPtCIAL OISCI OlN^NSICASsSFHEPcbl ..NO. 15..* 312 

iUU'h* aO/a. T»Pt*0ISCtSHA0tsN0.dSHA0Esai;lH,ACII9E*TCP 3a 3 

Pl*a « « C. * >2 1 . 3 *a * 

P2* 3 • ♦ 1* .*o. 9?3. 3i 5 

Pa z la.*o*a.i5c3. 3a o 

P**lC.*o*j.t52J. 3i 7 

PROP* *..<!. 3o 0 


OLU £0 IT NO. 


LABEL 


> 

N) 


MO J- L «• £11 f. ! 11 

SUKFAC. l)A I . 1‘11-jr :.LOC< 


WCS A 9 AL V Si S 


•*✓ 9/76 


INPUl CAmCi CO'-* - 1«.34>o 7B 1 23-«5»>73 2 23**6o7d J 23**567fl •* 2v'**5o 71 V 23‘,5a7A t 23*»567S 7 23**667o 8 tlill .i0. OLJ EDIT NC. L*JtL 


ZJi-* ...SPECIAL JlSCIClM_NSICfS-SFHcKLj»..K0.1o..* 

i3 8 

AA 

3U<FN* TYPE ‘DISC. >nAOc.*NO« V-h-ui -JO fH, ACl 1 Vt = TCP 

J* J 

A4 

1 1*J • • U « f • St • 

ill 

AA 

,u.i8, s-*-.. 

3*2 

AA 

•* j*I 1 • 3 > * . •» >9<». 

3» J 

AA 

**•* * 4 t • »•✓ » • * 

3 1 1 

AA 

^ • t 3 • 

3jj 

•1 

JJ9-* ....PtCIflL 0 ISC lUlM.MSlCAS-SFHdRLSI , .NO. 1 7 . .• 

3<u 

Am 

J u<f Jj Jt,. l*Pc*‘)I jC«SHAUc*NO. ISHmOcsJOTH. AC1IVC>TCF 

3tf 

AA 

(*!•'•» 4.c i » • 

3 i o 

At 

2 k *v.,n. i.i t.5. 

’» * 

AA 

M* 1 j, » '. *» o’ > • 

*9. J 

»• *A 

1 ■ U ♦ J - 9 «l tiv* 

l 


•KU* 1 . • 

*• A. 


s>m-» cial niiC<uiM.Nilt9Siimt<«tii ..KO.in..* 

3 

AA 

; »•:, HPE^OlSC.itiAO .=l4O*niH4Ut«80fM.AUlV£ = TCF 

t t 

AA 

PI- i • t • i < y J • 

L. p 

AA 

+ • • 1 9 • ’ 1 • / 3>» 

t* o 

AA 

•»3=i . . 7) , ., .. 733. 

7 

AA 

p *» : i * • • 7 j 5 • 

<». 8 

AA 

P-vJP- 3 . . J. 

1 

Am 

* ...jfVClAL 0 ISC (OIHcNSI C9S*SFM£R4.SI . .NO. 19. •• 

*•*. w 

mA 

.•1 ’F,.i ^,;,1 »Pc*OI5C,S»t Ao£sHO.i»Sn\OE-aCTM ,AC?I V£=FCF 

<*1 1 

AA 


M. 2 

AA 

P £ - . • « lu»lc»HvO» 

*•*. 3 

Am 

^ J ? 1 t« 1 * 9 • •• Bwti* 

«♦. 4 

A A 

P » : U« L'i . • • Hy 4 • 

■.: > 

A A 

P*< 3P • J • t 0 • 

*94. O 

Am 

_ 1 - • ...SOCIAL ) I jC (OIH-_NSI QKS> SFHtRcSI ..N0.2w..* 

-i 7 

A M 

-j l TyFt=JISC*SHAOfe *NO # dS»UOe*iOlHf ACin»£*ICF 

•*> 

4 

f 

AA 

• 1 j* tilv^c 


A A 

J 2 = J . , 23. 13, 1 1 a «. 


M A 

■* J* J • i<i 9 4 • 9 11 > * • 

M- 1 

AA 

»*•* - J J i 1 1 • < • 9 1 1 S * • 

-.3 2 

AA 

** P*JP * * • 9 tj • 

t 1 3 

AA 

,ut * ...-PtClAL ilISC3 0IH.N5IC9SsSFM.Ri.il . .90.21. .• 

.3 •. 

A A 

SJRFU* >1. jMAOi.sNO,3Sh40E*JOTM,ACUVc s TCF 

t- J 

AA 

• 9 C • 9 i Pi -i • 

t_* o 

mA 

P ?S . . ’ ) . t>. 1 13. 

4. / 

A A 

"* 3 - U.2a*i.,lvlJ. 

42 a 

AA 

P t* J C • ’o 9 * • 9 1 ~ 1 3 • 

•». 9 

A A 

PROr = 2 • , I . 

4j 9 

AA 

^Oi-* . . ... P. CIAt JI5C3 UIM.NSIC9S- 3FHc.kcjI . .9 J.22. .* 

-.3 1 

AA 
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67 J 

AA 


s 

SU<F = 3l: . I YPc = PA«AU. AC 1 JV- = UU I « SM ACE = UO TH, BSHALc = eC T H 

6/ 1 

AA 



j I 1 . M'j ION i-t* 1 * «C i f «1 Ud • i!!« • 360 • 

o« 2 

AA 



1 C-»N = 1 i 

6/ 3 

mA 



P?lP = i> .... 

6 4 

AA 



NN<-2t N‘l V *7 

o«* £ 

AA 



:0«-* TUP -NGIN * 

0 . 0 

AA 


s 

*ll<F-d •, . » Y. c = PARAU, AO TIV_ = OUT.SmAOi =BOTM,»SHAUc=eoTM 

7 

AA 



Jl^-Nu IuNj = -*.-» « y • CtiOtf • t 0 • • 36 ) • 

6>' 6 

AA 



iCSU=l«, TY**!»3 . 

•/ d 

A A 



p<op= 5. * r . . 

Ol J 

AA 



N;i< *2 • NMY = 2 

Ot i 

AA 



CO 1 * * ♦ Y ; <GI N * 

61 2 

AA 


s 

iU ir*41J ,T Y*'£ = PAn ABt AC T IVi *OU T , SMACt = BOT M.UiMAOt-dCTM 

©A 3 

AA 



J I ION tv • ( ii 00 • * a* t 360 • 

bi 4 

AA 



ICiN » 1*. fV = -5J. 

03 3 

A A 



PKUP* C. • - • 

00 0 

AA 



M4<*2* NNY=2 

u» 7 

AA 



301 « • -V .NG IN.. .• 

6) a 

AA 


s 

SU<F-2. . 1YF *u!CC.ACTIVt=JUT» SHAUt = BO T F » BSHAUl. = LOT M 

6} J 

AA 



j a IlN^IC Nj = 0 . 3tt* w » 1 5 • 9 1 2 5 • »335« 

Old 

AA 


■f 

MV*.,. : . 

OJ 1 

AA 



ICi 1*1 1 

bi2 

AA 


I 

3JI * • . • . - Y OHS S.ALtW ...» 

6 t J 

AA 


■ c 

IIN 

311 <E *21 . TYP iJlsC.NuUVt -OUT.Sh AUt*d')TH,dSMAUi:*EOT H 

© * 4 

AA 



UA I c 


>/:!(// j TIM*. u4.1«.5h 


T He T M AL k Ad I A T 1 ON AKALlSIS SYSTr.H (TMmSVSI CUCto So 0 ✓ SCUPt W:Kj10N 


PA lit. 


101 


NOU-L * jCONi AM KCS AKALTilS W/9/73 

SUSFACc OATA I.'tFJT BLOCK 


INPUT CAWO COL 

1 


I23<*5u78 1 23*5678 2 23<i5o78 3 23<.367d <• 2.><«5b78 a 23**5o78 e 2345678 7 

234567s 8 cOIT wO. UlO tOIT NO. 

LABtL 


OlMLNSI ONb= d.d*Q.3«25.,2a. ,23 5 . 

&4 4 

AA 


PROP*C . • C • 

6 ) o 

AA 


ICSN*12 

o i 7 

AA 


C01 = • • • * Y OHS ScALtR . ..* 

6* o 

AA 

S 

SURF =222 , TV*-£ = «<;.CT , ACT IVE*OOT T CM ,SM AUl »1>0TP ,bSHAOc= c)OT M 

6 j i 

AA 


p l = -72,>.»-lu2.»-l25. 

7 j 0 

AA 


P2* -7 23 • , lu2* ,-125. 

7. 1 

AA 


Pi-* 7l 1 | t 1 • 9 w • C 

7. 2 

AA 


PR0P=u . . 0 • 

7. J 

AA 


COM=* I’ACK ReCI 7.J50EG* 

7 i 

AA 

S 

SURF =22, TYP-:*i.ISC, ALTI 4£*iiQTM,SHAOE s dOTH»dSFAQL = 0OTP 

7 -, » 

AA 


J(>i:NSI CMS s C • 0 1 C« 3t lwui • ^ 2 • 9 27 j • 

7.o 

AA 


P 33P = J, , „ . 

7. 7 

MA 


ICSM= t3 

7j 8 

AA 


C 0 N = * k*kK £HU HALF 01 j<* 

7. 4 

AA 

s 

jUPr = *.. 7, TTPt *UIbC,ACTI Vt = TOP,SMAO£ = UOTH,uSHAO£* BOTH 

7i d 

AA 


f'l* *>^fc# C tl 1 J • » *77i 

71 1 

AA 


P2=-a92.C,113. ,-SO. 

7.2 

Am 


Pl=-"9u. j,11 J. ,-77. 

7. J 

AA 


Kf - *3 • O • 1 1 i« * m 7 7 • 

^** . 

AA 


K ^0 P* ta • | u • 

7l a 

AA 


LUIs* PtaCK b 10: tVAPOPAl, UPUATEl. JULY 18, u IN UIA.« 

7 lo 

AA 

s 

jJ-if = l3»TYPE s CIS^.ACTItffc. a TOP»SPAOt.*B0lH,BSMADE*BUTF 

7i 7 

AA 


PI = - 7 1 4 . , 126. ,-4C . 

7. 8 

A A 


P2* -7 14 • . 126. ,-9*1. 

71 4 

AA 


PJ*-722. . 126. ,-4u. 

7; 0 

mA 


P-»=-722.,12b. ,-43. 

7* 1 

AA 


P- O • 1 . • 

72 2 

AA 


til:* i< t A i< £N.) £VAFC«ATC»* 

7? 3 

AA 

b 

.U<r = 1 , TVPc = F0LY ,ACTl2t = OOTTOM,bHAi)£*eOlM,Hbf«AO£ = eOTH 

72- 

AA 


J3« • w • i *10 * • 

7.’ a 

AA 


s *l H2 • i *i9» » *t* • 

72 u 

AA 


P3* - l 4 ? . » 0 • » -ow • 

73 7 

AA 


1 C S N • 2 1 

72 8 

AA 


w<0P = J. ,* . 

7. 4 

mA 


cu-i = * . . . .l:ft front hino a ...* 

7j u 

AA 

b 

bii<*-ll ,1 YP£=eCLV,ACIIWF = TOP,SMAO_ = BOTH,ObMAOt.= eOTM 

7 j 1 

A A 


Pi=-192. .-84. ,-oC . 

73 2 

AA 


K^ s *iiJ • • *tt9» »*63 • 

7j3 

AA 


PJ s *4 di • » *3 bo • • *dS« 

7„.» 

AA 


ICSN= 21 

733 

AA 


P<Ot* - L • » - • 

/o o 

AA 


COM** LfFT rtldOLt MING UACK.11 ... * 

73 7 

AA 

s 

iU<F = l -1 , TYPE = PEC f ,ACTW£*I0P,BSMA.»c.=a01H,SHALt=B0TH 

73 8 

AA 


** 1 • • 1 } 2 • » *oli# 

7, 4 

Am 


Kif- iJ • • 3 • i*85* 

7. J 

AA 


P J - i 1 • « *^9* t*d3 • 

7*. 1 

AA 


ICbN=21 

7.2 

AA 


P '(OP *M • f 4 • 

7.3 

AA 


Cum = • <s ir.Nt*« wing • 

7-. 6 

24 

b 

aJ*<F= 1*. ,TYP£ = R£CT ,ACTIVt*TuP,SrA0^*C0TM,JSHA0£*8UTF 


AA 


uAin CoZ-C/ 7 ;. T 1 pc Ci 4 . 1 -»« 3 b 
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Pm Cc. 


Hi 
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SUKEACt tlA I A IHPUT nto:< 

INPUT CmmO COL. - Ii34i4)7d I 2 Suo 7 * 2 ?3*«5o7<» 3 23 hho78 h 22hS6/8 > 23 *« 5 o 7 d £ 23 *» 5 o 78 7 2345678 8 EuIT >.C. QlO tUIT NO. LAOlL 



Pl 1 "o.*f*i*o9*f *9. • 

P2 = ~oh*». i*J6t • 1*401 
PJ=-h63.* _ 3 6c. • .-a 5. 

lCSN=21 

od'1 = » Lc.PT uAoK R_CT. MING C .... • 

- 1 , rVP£*KcCT .ACT I Yc = TOP,SHAOE=eOlH,dShAO£ = OCTH 

PI — "O'.*... j. . *9 { . 

P 2 — •oh.. . • -i 9 . . *9 j . 

Pj- -.1 i . . -39. • -35 • 

ICsN* 21 

P £ J P — . • . . . 

C.lMi* I 4I.£P A IN'. C* 

SJ <P = 1 i, T Y-’c-PCLY .ACT IVt = TOP,SHAO = CO T»4 , oSH ALt = BO I H 
PI — *9 41 . . u . » - 1 C 2 • 

P2 — •*. hh . . * * to ■ . — I C . 

P5--O....0. . * 9 i . 

p<')p= . . » : . 

ic :n*?i 

C0’4 = * ...... lcTI hlNG I AIL cOGc ..J . * 

iJ Til, T» p;*POc Y .ACT iVt = TOP,SHACc.= BCTM,OGHAOfc-dOTP 

P 1 = ? J - . . ... -7 * • 

P2 = * 1 4 J • . 54. .*Ow. 
t> 3 = -1 < 42 ..o..-oC. 

P£JPi J.,C. 

I CUN* 2) 

oJH- # . . .4 MwNT 4 ING TPlANGLc. * T . A . 32.1(J2 h # 

yJU -2, I Tri-POL Y. ACT Wd =uO T TON , SrlAO t = 00 T M, 0 ShAOk = BCT P 

P*( JP - 0 i . ‘ . 

P1--H2. .84. .-63. 
p?=*.i'..h. ,-ef. 

Pj* • » 1 J. «3ui » • . 

oJ1-» NIC 01 £ N1NC T kAP . hT d . . 1 .2 h» 1 2d2* 

1 C G f 4 — ?. . 

jU *\K -1 *. ■ , T Yi l = L_CI .ACT I tft =OOT TCn, iHAt)^=JOT P .USHAOt* cot m 
Pi = - 4 . T.* * » t . . -6 J . 

P2 — “ . 

Pi • 8 3 • »8 4 . » - Bi. • 

P <0P= J . . c . 

ICG N= ? J 

w3 1=*0 *V Pc CT ANGLE WIJ.G* 

,1K( s >, T Y4 * =*tL T , AC » IV. = i!0 I TOM , Smi» Jt = dU T *t , o SHAO t = OCTM 
p I — — ;• 4 . . m . o t.. — .rt.323 

r* 3 - — — j i . f j jO i i • . 

p-<op- 

ICG I** .G 

III'! ».... tALK MING **:.oT. PTC .129c .i.Gj* 

, j <r -1 ... TYt £ = r C I . Ao T 1 VE = tlu T TCM , Sh A dc =00 T h , U SP A0c = 00 T P 
i*i i>i 

P2=-G . : . 4, A a. . -ad. 3 T3 


7 . o 

AA 


7.7 

MA 


7 . d 

Aa 


7 . J 

AA 


Ij „ 

AA 


fjl 

AA 


7 ^ 2 

4 . A 


7 ^ J 

AA 


7 , H 

AA 


7 v * 

AA 


7 ^o 

AA 


7 .» / 

AA 


7.8 

A A 


7 , *4 

AA 


7 .„ 

AA 


7.1 

AA 


7.2 

AA 


7 .? i 

AA 


7 .h 

AA 


7 >i . 

AA 


7 jo 

AA 


7 j/ 

AA 


7 >d 

AA 

> 

7 . 4 

A A 

1 

u> 

7 / u 

AA 

v-n 

7 ' 1 

A A 


7.2 

AA 


7 / 3 

AA 


7 / H 

AA 


7 / a 

AA 


7 / 9 

AA 


7 ' I 

mA 


?i a 

AA 


7 / *4 

AA 


73 c 

AA 


7 -. 1 

AA 


7 » 2 

AA 


74 i 

AA 


7 » H 

AA 


7 . 3 

AA 


/.» ti 

AA 


7 . 7 

AA 


7 j 8 

AA 


7 i d 

M A 


74 . 

M A 


741 

AA 


7#2 

AA 


7.3 

M A 


7 »H 

AA 


7 tj 

AA 


7 to 

aA 



Unit. u^/wO i 7 'j I I Me. 


j I • 1*». 5 7 


TlaXHAL RAUIATION A NAL 1 SIS SVSIlM IIKASYSI CO Ck» 5 U J / SCOf*t VERSION 


PASc. 


23 • 


HOucL « j:0M4H 
SURFACE OATA INHJT 

IM’UI C«RO COL. = 


HL01X 


PCS A KAc ISIS 4/9775 


12 J4:>o/0 1 2345o70 2 2ik>o76 J 2045678 * 2345670 s 204567 8 t 2i45b78 7 2345678 8 lOIT hO. OLU EOIT NC. I AGtL 


3. » 1*1. .-05. 
pROP= J. ,C. 

1C SN- 2 J 

COrt = * INItR WING C RtCT* 

S S J R F = 4 « T V P£I =P0 L V * ACTlV£ = dOTTOM t SHAOc = BOJH .dSMAOE =8CTH 

P t : * oil . . j • * - 1 (2. 

P<! s “o.. 1 1 3ot> *•'13. 

Pl = -r>4 ...Cm-IC. 

P IoP= u . * j . 

1CSN=2? 

t.DMs* »V WING TAIL tOG€ * 

S jU <fU~ l-.C*SHACt=dOTH,iJbHAO£ = a')TH,At.PMA=-0. ,cMl'S=-0. 

fi<ANS = -i. ,TRAM = -C. ,COM=*dAY A^cA CYLlNUtR 

I TP_=C»lIUO£k ,ACTXtfL=INGlOt ,ALPH= 1 . U2*. 3 0 £ *02 
MIM- C. ,JMAX= 7.C0jJCEiC2*>*'iN= 0. 

*1A<= I. 8 :CJCr ♦C2.NMK* 2,NNV= 4,ICSN= -0 

pJjIT I ON = ~4 . 7 «> C b b. AC 2* 1. • 0. 

{Of/ - -C . , POT Y = 9-.Co30. ROT* * 0. 

S 3URFR* 13a.SMAC£; = tiOTH»JSHAOt=0OTH*ALPMA = “O, ,EMlSS=-0. 

TKA15--J. .TRAN! =-C. ,CU1 = * FK'JNT GAY AREA UIi»K 

IY J . = .JISC ,AG T IV^ s f GP * ALPH= 3. 

j-ilo= C. *HMAx= 1.02JG££+C?« G»1IN= 0. 

r,il4X= J.o.GJ J, lOc, NNX = IfNNVz l.ICSN* -C 

PJ3 1 1 1 on = Cw*-2. :. . 3. 

<(JT 7 s . « ROTY = -9£.C*.»3. ROTX * 0* 

•3 »U<FN- l_'2.SHA0t-HnTH,.»SHA0£-»10TH, ALPrtA=-C. ,EMl£3*-0. 

TfclM’3*-.;. ,TrAN 1*-0. .COM** tfc. V NOS*. CONs. 

T Y 1*1. = P AR A 10*. OIO « AC T l Vt=OUI SIOc. * ALPM= o.lJcCiE«C3 
IriiN: j. * ilM A x= 2. C3?30-*C?* GMIN= C. 

G.1AX = J.oCCo Jt* U.NMX = 4 « NN Y- l*IC0t« = 1 

**o 3 i T I ON* 2. u a J (I* 10 ?• 3. * • 3 . OCfcuAt. ♦ iil 

•<0T 2 = -1HC.C2:0. ROTY = -1..C0Gi» ROTX * 0. 

S SURFll= 323 ,SHAOts^OTH,OjHAO*.= L*OTh,ALFHAs-* . ,c.R15i*-0. 

I i\A;iS= - 3 . , IRAM=-C. i03c CYlIROcR 

TIP-. *CYl INU5R .ACT IVtOUTSlOtL.Ai.PHs 7 . C j., J 3t *3 1 
THIN- }. ,niAX= 1.7 JJG3c»CJ*uHIK= 

ilAX: S.tiujii ♦02«NMX* 4,NNY= 4,1C.»H = 1 

Pj:»*liON- ■*• 0( 3 l«e 02* .. . *3. JoCuOEi Cl 

RUT/ * -18i.lC.33, KJTY * -9'.GGJJ, ROTX * 3. 

S jURFII* 14. ,3H*.i) c -OOTH,d3HA0i: = U0TP« ALPHA = -„. ,EMlSS*-0. 

T «ANm* -J . ,lRA*I*-e. ,CjM=* HOCO PARTIAL 3ACR 

T YPc = PA< A iO*.01U .At T I VtOUT SlOE.ALPrt* 7.o3.G.t*0j 
Inlfl- 2.t:jauc*i2,Bf1AXs 0.7 CjCO£iC.' , »GMIN* 0. 

_.RA<= l.o.i.Gf ♦02.NNX-* 4 * HN Y - 4*1 CSM* 1 

*u • I T I CM* *. * * . 

rot? r -i8w.iw3, roty = -<j:.3log. potx * o. 

3 xJTFi*- 3b. tihAOc* IOTH,Oii1AOc.-OOTH # ALPMA*-u . ,£MlSE*-3. 

T i<A*IS s - 3 . * T «AN1*“ "• ,COM = * WlNJOW 

I v P w *PA*4..0L010*Av, TIV:aOUISlOc*ALPH» 2.3d*03c*01 
I1IU= I.oIiIjCl « 31* UMAX* 7.68uCCd- J »GHIN= J. 
r JUi 3. c>* 33 0*. ♦ J 2, Nl* X = 4 • II.* Y * m.ICSns 1 


7i7 

AA 

7*8 

AA 

711 

AA 

8. 0 

AA 

0. 1 

mA 

8.2 

A* 

0. 3 

AA 

8. •* 

AA 

81 9 

AA 

0. O 

Am 

e. f 7 

AA 

0. 3 

AA 

0. 9 

AA 

5. 3 

AA 

01 1 

AA 

8.2 

AA 

01 3 

AA 

01 4. 

AA 

0. J 

AA 

01 b 

AA 

0. 7 

mA 

0. 8 

AA 

0. 1 

AA 

8i J 

AA 

0! 1 

AA 

8. 2 

AA 

a. 3 

mA 

a. 4 

AA 

02 v 

AA 

0.- o 

AA 

8J 7 

A A 

a d 

AA 

8? 1 

AA 

83 u 

AA 

0-1 1 

mA 

832 

AA 

8x J 

AA 

03 4 

AA 

03 3 

AA 

83 o 

AA 

017 

AA 

8. a 

AA 

8. 9 

A A 

d*» 3 

AA 

8- 1 

AA 

8*2 

4M 

0. 3 

AA 

5 4 «t 

AA 

d » p 

AA 

3- o 

AA 

3*. 7 

AA 
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SUKF Au t JA T 4 INPUT HLOCl 
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POSITION^ J.6j2CCc*J 2, 0. . 3 . 



8- a 

AA 



■iUTZ = -18C.UC0. POT V : -9. . C GO J . NO T X 

C . 


8-» 9 

AA 


s 

SU<FN= bit, SHACt=tlOTH,OSMAOE=OOTH, ALPHA: .9tC.cMISS= 

.900 


b 

AA 



T kANS= -3 • ,T4AM = -C. ,COH**fiCCY BOTTOM (FRT T 

4 1 

* 

3;X 

AA 



I YP£:-< ECTmUoLE .AoTIVl-iTOI TOH « ALPM = 0. 



8^2 

AA 



»MlN = -t. };>l 3tfC*32«li*AX» 1.&2 »CJl*C2,GMIN: 3. 



8> 3 

AA 



i'lAX: 2.2 c 3JCE402,NNX: l.KNV* 1, IC5N* 1 



6j ** 

A A 



r*Q S I T I 3f4 - i» • 7 1 C £ JE ♦ 02» u • • • 1 • <3 2 <1 4# «*«-. ♦ w 2. 



a. 9 

AA 



KOI/ = *i. , KOI r : -..J87Q, KOTX : 

c . 


&j c 

AA 


s 

iUtFfJ: ,.2 .SHACl*UOTH,oSHAjE* 0OTH,ALPHA« . 9 (0 « tMISS= 

.900 


8. 7 

AA 



r-;AIS=-:. ,TKAJ»1:-;. ,CO?1 = *JCOY UOTTOM (KcAS) 

402 

♦ 

8^ 8 

AA 



f * **C_* , <£CT-.:44«LP * Al T I V. = TO T TON , ALPH= - 1 . -» u L *32 



6j 9 

MM 



1H|N:-|,C<4.:. ♦ i 2 » rtM A X : I,;23::r»-.*.f.MlF= 2,2 t .C3J£4J2 



0 j y 

MM 



» 1 A X : -1. j.OCC- ♦ i?,NU»- 1 « NNY 1 X,lCoM» 1 



do l 

AA 



* f O >1 1 1 U*4 ~ • / C J 4 it *» ♦ w 2 1 j • • C • 



d j d 

AA 



(01/ s -C. . PUT Y = -3. . POT* = 

C . 


8 m 3 

AA 


s 

3UIFU: 781, TYP£:JYL, ACT I VE * JOT H , « HA DF =BO IH , u^HA Ut = EO TH 



do 

AA 



^1" ^ Jo 



do J % 

AA 



3i ., X. 3. ,19. 



i j c 

M A 



►* 3 s 2 3 ) .,2jl.i»,«M.C2 



*.7 

A A 



P-»* • 4 7 1 » , 22 1 • u4 , »o 4 » C 2 



Oj u 

AA 

o o 


J • « 4 • 



8> *) 

AA 

*9 w 


NN<=2, N «Y :? 



0/ J 

AA 

*F c5 


3uh:* »r SICE OCOK * 



d< X 

AA 

S3 

s 

3U <E N= 7 11, TYPE *CYL, ACT 1 Vt =UOTH , SHA 0E = BOTH , BSHA Ut = BOTH 



8. 2 

AA 

rO 


-»X-234 ., -?CX .34,3/ . 98 



8.’ 3 

AA 



iv • i "i L 1 • Jn t*OH« C2 



d/ •• 

AA 



^ J S ?iT< • | *1 J ' • I 1 ^ • 



9 . > 

AA 



* ~ 7 c • • "1J i« « j'i* 



8/ 0 

AA 

H O 


w • J t J • 



8/ 7 

AA 

b ra 


NOC2, :,*iy --2 



d/ o 

AA 

Ss 


JON:*... - Y S10E UOOP....* 



8. 9 

AA 

s 

SU<F N= J. 1, TYPi:TKAP,OSH«0_:b0TF,SHA0t*ilOTM,ACT IVt =TCP 



81 u 

AA 



P1=23X .,1 .2. .-132. 



6> 1 

AA 



3 d : ^ • 0 1 v k • »* 1 • 



8> 2 

AA 



^ J* • f 1 J J« » t ^ • 



Oj 3 

AA 



1 : 2 . , 1 9. 



6 j *0 

AA 



nji=* ♦ Y '•.Uc FkChT TNAP020X0* 



d-) 9 

AA 



P<OP=J., C. 



a> 0 

AA 


s 

,U*FN= 3.5»SHAU£: (1U T H , J SHA Ol = 90TH, ALPHA* •9Cd«£HlSS« 

.903 


8-> 7 

AA 



TKANS=-3. ,19 ANl*- 0 . ,C0N = *8CUY SIJE <HI0bCt-F0«n 

305 

• 

83 8 

AA 



r =XiCTaN u Lt ,A0T1V.«T0P ,ALPMS 1 . 02„ V«i t *32 



6.» 9 

A A 



l.»l*|:-1.23 j:0c ♦U.ONAX: 19. ,GPlO= 2.2i33Jt*C2 



Bi 4 

AA 



••H U: 5. 72331: ♦U2,NNX* 1,NNY» 1,ICCN« X 



9 J X 

A A 



fu jl T I 3ti * $9 7 •. ± C 2z +C 2* J * 9 - • 



Si 2 

AA 



>ur/ s -c . . kOTY = ->• • KOTX « 93 *00u 3 


9» 3 

AA 


s 

ili .Fh- 3.o,SHACt:nOTH, lSHAUt:BOTh,ALPHA: .9.C,EMlSSs 

.939 


6 j «• 

aA 



l<ANJ:-j. , l”A!II*-C. »CON« • BCfiY SlUc lUACx-PCKll 

33o 

• 

di •> 

AA 



1 YP..:KECTAi4bLc ,Af.TIV r *TOP ,UFH> 1. £2*34X482 



Bio 

AA 



J9l.4»-X.2v3uCt •C2.0NAX: li. .Cm IN: 5.7244UE*C2 



81 7 

AA 



i, ** A X s 9. 3 . ju 4w * (<, Nil X* !,NH»* l,ibSN* 1 



9 t 9 

AA 


A-37 


U*lc riMt Jl.la.J2. THti«MAL KAOImIION SIS SYSTEM ITRASVS) CUGo 5 . 0 /SCOPc VtrcSlON PACE 22 I 

MO Jc L * .CO N T A M RCS A ^ A LV SI S A/9/75 

su*fac£ oat a Input block 

INPUl CARO COL. - U3*.?o7A 1 Z365o7o 2 2Js>o78 j 23-5678 -« 256; o 7d > 2365678 t 23*5678 7 23 6>67E 0 toil .10. OLO cOlT NO. L Adel 



POSITION* 

5.7C0CCE902. 3. 


• y • 



<l)T L = 

-C. . ROTY 

a 

*c t • RO T X 

a 

9i< t aOC 0 


SU<FN= 3 lit TVF£ = TKAP,USHAO£ = OOTHtSHAOi = BUTH, ACT 1 0 £ =00 TT CM 
Pl=233 .,1.2. ,-102. 

P2=*». ,132. ,-125. 

p j - 6 • , 1.2. ,1%. 

■* - = 2 3 . .. 1.2. ,19. 

C09 = • -T SIOE F9CMT TKAP020I0* 

P< OP a 3 • , 2 • 

SU if N- 3l5,SMAOL = dOTM,IISHAUi=BUTM, ALPHA= .9 CC, lMI'S* .900 
KAnS=-J. ,lnAf4l*-u. ,C0M=*o0UY SIOE ( M I OCLt-ST BU I 315 • 

Tl®i*Kt.T<NbLt » AC T I V.*T OP ,ALPM* 1.C2.C3 c 902 
J Ml N - li. .UMAX* 1.252CO£«02,CMIF= 2.2*£GGOQ2 

CMmXs >. 7 ’OJCi. ♦ 12, N.4V* l.NNV* l.ICSM 1 
P Jj I Ti C*4- 9.7tC(ii^j?, j . , 0. 

<U T / — — G. , <OT V s — . . , KO T x * — 90..CG0 

SU<FN= 31fc,SHAL,L. = nOTH,jSMAO_ = QOTH,ALPHA= . 9 .w , tMl 'S = .900 

r«*Njs-j. ,iaam*- 3. ,co.i-*ocor sue iuack-stoui ji& • 

TTPc- <4 .CThT<OLc ,ACTIV: = TCP ,ALPh= l.(2.uJc*02- 

IMIN = U. ,|3MAX= 1 .253 EMIN* 5 . 7 i 0 0 Ct ♦ u2 

■j MA X = 9. J. JJyOJt, NflX* l.NMY* 1,1CS44 = 1 

POSIIION* S. 7C0iv.*,2 , C . , . . 

i JT 7 a -C . , POTY * , ROT X * -90.3003 

3U<FN= 2.2,ShAC- = iJ0 T M ,0 SHAOc. = EOTh, A L PMA* . •».« , EMI <S* .900 

UAf4S*-3. .IRANI--:, ,CnM = *JCOY TOP (SUO-RlAK) 202 • 

T YP; *CYL IMK R , Ac 1 1 V .-uUIS10l,ALFI' z 1.(2.uu.«j2 

/. 0. G. Ol »02. UMAX- 9.33i)0^L«'y2,CPIK< 2.7.JJ0.9J2 
0,14 X- 3.6.00 *jtiNHX : 1 , NN Y* 1,ICS4,= 1 

POLITIC** E.f.CL.iUZ, 3. , :. 

<0T2 = , KOI Y * 9.. .000, ROI > = 0. 

Su<FN= 212, SMAOL=bO TH,ilSt!AOt*6JTH, ALPHA* .9C0,EHIIS* .900 
TkAnS*-J. ,T«ANl*-0. ,COM-»JCUY IOP IPOrT-Rl A.;l 212 * 

TYPi-CYLlNOwK , AC T I V E=OU T SIO. , ALFM* l.o2J3-t9Q2 
4 Ml N* 7. 0 j u J 0- i 02, U.1 Ax= 9.3j::i.E*».3,CMlNi 1.8 lCC0l*C 2 
r > 9 A X * 2.7.000-1 12. N.,X= 1,NNV= 1 , ICSN= 1 

PO j I T I ON - 5. 7 '. 0 C ,i ig2,0. ,u. 

<012 * -. . , KOI Y a 9,. CCU, ROTA a 0. 

->U<I Na I»3 ,SHAuc.-BOTH,USMAOc.-BJTHtALFHA- .9iO,£MlIS= .90 1 
T \A 9S = - 3 . ,IxAMa-C, ,CJM=*VEkTICAl FIN (FOKTI 20 • 

TYPeaTPAPiZ JIO , ACT I V- = T OP , ALPHa . , 

1 Ml N = 1.636.»£9J2,0MAX* 3.9 36 . 3 ; 9 C ? , 6Ml N = 3.GG000E901 

•1 il A X a -».5 JGjGc 9C1.N.'<X- l.NNV- 1.1CSN* 1 

PJaiT.ON* 1 . 61 8n L_ ♦ 0 3 , 0. , - . 9 i *• . 0 1 ♦ ( 2 

<01/ * -C. . ROTY = -lB-.OCOi, KO 1 X a 90.3000 

SU<» l« = 3 AS »-H*i)c c dOT h,dSHAO£-OOTF, ALPHA* .9« w ,tMlSS= .930 

T^AriSa-.. , 1 k AnI a — C . ,CO*1a*VtPIIcAL FAN d-OKT-AFT) 20 * 

I YP. a T kAF 2 J I . j ,6. I 1 w 3 =T CP ,ALPf«= C. 

iMlNa 1., »yy 3r *C 2 ,bMAxa 3 .9 3 >0 i t 9.2 , 6 M In* 1. >*0006901 
,MA X a 1 . 0 . C . 0 l 9 0 1 , N.4 X a l.HNY* l,IbSN= 1 

PUSITICfl- 1 . u. $*)Ct 93 J, -3. , -.9>6 .Jc*j2 



9 s 9 
9. 0 
9. 1 
9. 2 
9- i 
9. «. 
9j & 
9. o 
9. 7 
9. 8 
9. 9 
9i 0 

9.1 
9. 2 
9. 3 
9. *» 
9. » 
9l 6 

91 7 
9. 3 
9. 9 
9- J 
9- 1 

9.2 
9. 3 
1 * 
9 ' j 

92 o 
9L 7 
92 3 
9_ 9 
9j . 
9. 1 
9a 2 
913 
91 *. 
9j / 
91 b 
917 
9. 8 
919 
9. 0 
9-1 
9, 2 
9- 3 
9- •» 
9- > 
9- o 
9.7 
9. o 
U 9 


AA 
AA 
AA 
AA 
AA 
AA 
A A 
AA 

MM 

(> A 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
mA 
AA 
mA 
AA 

Aa 

AA 

M M 

AA 
AA 
AA 
AA 
4 A 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
A4 

m A 

A A 


> 

• 

u> 

00 


9S.0030 


UA 1 u j * / J t /t\. 


I 1 Hi a*«l9.j4« 


IHcHHdL K A 01 A 1 1 ON SUUH tTEAGVGi CiJGb:>t.J/GGOPt KlHjI.JH 


PA 1*4. 


a i 


MO.Jc L * „CONt AN -ICS AFAcYGiS 4/9/76 

GOlF mCc OAIa iNrOf BLOCK 

I<Pol CAM ;0L. = U3H^or« 1 2j4i*o7l 2 ?jA5b/a J 23-.5bM 4 2>*,S678 p 2i4>o78 ( 2i-*5o78 7 23<.5b78 3 tOIT «0. UlO cOII NC. LAUtl 



S *U<rh- J93 ,SMA0E*00TH,doHA04. = 30rPmLFMA* .SwCvCPaSS* .930 

TxANS*-'). , 1 H A M - - 0 . . C ON* •v r SIICAt FIN (STUD) 23 

rrP;.*T 3 ap_zjiu , activ£*bottum ,alfh= g. 
joins l«.oH*Ch.*CcitiHA)(* 1 1 GrtI K* 3. C (GO 3t »C1 

CNAXS 4.P?03t,c ♦Cl* NNX* 1,NNY= 1,1 CgN= 1 

PO i I T K ON ~ l.o. Jh m i ♦ . 3 . l.OOOOuE'wl . 

<01/ = . KOTY = M6..CvJC» WOTX * 90.CO. v O 

S iU<F Ns 396 . *Hm Ot. ?-30TH . G..HAU-* iO TH . ALPHA* .'JU»£I*ISS> .930 

T:AmC=- 2. » 1 FAM=-C • *COH»* tf LiiT 1 CAL FIN (GT0L-AF1 > 20 

T»P. *M**F .ZJIO , ACTI Y.* 701 TON . A Lf'M* 2. 

ININ* l. *■*.,. 3i *32, onAXs i,9.»*..C£«32,G(llF* l.SwCOCc»Cl 
JMA X * T. Ov o: 0^ ♦ £1. NNX- 1 • NNY * 1.1CSN* l 

f j* i ( i Oil : i . Cv a* >*_ ♦ j J « i.4uJ«.*. s Cii 

<OTZ = “0 • . hOT t ~ s lA a ...ut*v KO 1 J • 9C .2303 

G jjAf4 736, TYP£ sOIjC, ACT l Yw = I OP, iF AU;*uO T o , 0 aHAOc = 00 TM 

PI* 327. , it. ,-72. 

PJ-.i27. ,j£.,-7‘. 

Pi* i't. ,>5. »*72. 

P+- i/-. , h 5 . ,-72. 

P’ JP* 3. , * • 

L')H = * . . f* JCT FCFUAWO cVAFGPATOP LOOKING «Y,b IN OIA.* 

G 5U <FN= 72 3, TYPtsCISC, AG Ti V . = BOTH , £S»» AOE*OCTri , Sf AOc* BCTH 

0 . M_ !<j 1 «.*> » * * ., j • ,22, 6,2. , .oil . 

IGSN* 1 o, F •* OP • 1 • • 3 . 

GON*» SOFl* C.NG1N5 I01S LOCA 1 1 ONI . . • V . .* 

G *U<FN* 7*2. TYPt «L l-C. ACT I ¥_* JOIN. P jN 4|*« «OClM,G*-AOE*eCTM 

)1 1.Gli 1 • , ( ., 22 . J .« 3u0 . 

[.*>J : l7|F . OP 

JUN- • G»F£it AGING IONS LOLA ( 1 ONI « ,-Y . •* 

5 jU -* F N - l 1, i Yr t * 0 ] GO , h C I IVc*OOI M, jhAilT * BOTH, 0iHAOc*cCTM 

*1 * .4* 7 , — *. I.J 

P 2 * 4 7 . . 3. , — J 

l*»*»o7 .p*..2.4p«»»m7. 11 

pop*j ., :. 

SON* • . . . F <0;4T hCg. .LOOKING ♦ /-» AT Jo JiG. 7/ti/7v...* 

S 6U4FM* lu, I YPt *0 ISC , A CT IY l-0U1 H.SMAOl =OOTM,J3HAuC*oO IH 

r l l s "2,7.,lijo.,*4l. 

P2--2'.7.,i2>.,-4H* 

J .**2s 1. * 1 h5 . , - • 1. 

? KjP • , . , * . 

G0 1 *. .. HiOOLt. cVAP. LOOKING ♦/- V * 

G jJ<FN* 3 ■»•* iJn. OE * .OT I- , OGHAOc* i>OT F , AL F HA * .i03»c.PI SS* .9*0 

1 \ Al.G * - . • , IMAM*-:. « CON* * Y t F 1 • FI F LOG. tOGc 2 

I iPw * t w I H.,Ll ,A„IIV:.*TOP »ALP-«* C. 

lrtlN = -»-. . .wJ Cl »£C. ON AX* o.J30u3c*C..GFIN*-6.Go«33-*C2 
.11* *- «.. lwwJ ♦ 2G, Nt. * - 1,N»,V* 1.IGSN* 1 

J T* I I 1 1*4* l . u . ij *, <■_ * * i , * . , ■» . is*. - 3*. ♦ 12 

<01/ = -J . , M OI Y * -4*. 0.30, WO I > * 0. 


9j 3 
9*1 
9. 2 
9* 3 
9* 
9* » 
9* o 
9. 7 
9*8 
9* 9 
9< o 
9* 1 
< 2 
9. i 
9*, 

9 . p 
9^. a 
9* / 
9u o 

Y * •< 

9- - 
9 1 

■i.' ». 

9. i 
9/ ^ 
9/ * 

■».' t> 

9. / 
9' o 
h' -i 

Jl j 
i . 1 

9» £ 
%. 1 
Y> ■* 
9* -j 
9* * 

90 7 
9*8 
9* 9 
9« . 
9*1 
n2 
p * 3 
9*4 

91 P 

9»o 
9 » / 
9*8 
9*9 


AA 

AA 

AA 

AA 

AA 

AA 

AA 

ML 

AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
m A 
AA 

AA > 
A A y 

AA v£> 

AA 

AA 

mA 
AA 
mA 
aA 
AA 
AA 
A A 
AA 
A A 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 


2 , 5.2 VIEW FACTOR DATA MATRIX 

The following pages contain the input data 

computer printout for the Shuttle Orbiter configuration. 


A-40 


OATc .35/20/ 7S TIHt 11. 05. 49 


THERMAL « Ai)l A T { CM ANALYSIS StS TtM ITRAStSI COC 6500 / SCOPE 4.0 


HAGt 


12 


HGUlL = UC 
FORM FAC ION 

SUP * l 

CALCULATION LINK. 





RCS ANALYSIS 

4/9/75 


>C 0 3 

FF 

SUM * 3. 

ROM 

CP 

T I Me * 

2.220 

♦ OISC 

. . .SPECIAL 

OISCIOl Mt NS I O'* s* 

7 . 0 7 

FF 

SUM « 0. 

ROM 

CR 

TIME = 

2 • <*22 

♦ DISC 

...special 

01 SC <01 Me NS IOMS* 

5013 

FF 

SUM * . 3 33 u 

ROM 

CP 

TIME = 

2 . ob 5 

♦ DISC 

... SP E C I A L 

OISCIOIHENSIOO- 


I* INDICATES NJ Cc. PAIR HA* BEEN SUBCIVlOECI 
IK TNCICA TtS FF CALCULATED FROM J TO II 


NUOc. i 

NUO_ J 

COFVU 1 AT i ON 

Fell, Jl 

Ft (..I) 

FAI I , Jl 

F II, Jl 

SHAD, l 

SHAC. A CP T IME 






M/SHAu 

h/SFAO 

W/ SHAO 

MO/SHAO 

FACTOR 

FACTOR (SECI 


»L Ij 

711 


CAL . 

.900331 

.C 30C31 

.03 o:ci 

. 0 CQOu 1 

1.3.003. 

1.3CC030 .614 


>C 13 

F F jUM 

X 

. j JOC 

ROM CP 

T I Me * 

2.603 


♦ UiSC 

...SPECIAL 

OISC<01M£NSI04*R 

•>. 23 

711 


CAL . 

.333332 

• . COCO 2 

.33 ..02 

. 3CCCC 2 

1. 0.0300 

1.030300 . J ? 6 

R 

3.2} 

F F SUM 

X 

. 3333 

ROM CP 

TIME = 

J • <*74 


♦ OiSC 

...SPECIAL 

0ISCI0IMC.KSI04S3 

9u2» 

.’ll 


CAL . 

-::;j3 j 

.3 331.4 

. 33 Cl 0 J 

• 3lu3. 3 

1 . 0. . 30 l 

1.33G«0u .349 

R 

3 L 2 > 

FF jUM 

X 

.3::a 

ROM Cf 

TIME * 

■» .it 7 


♦ OISC 

.. .SPECIAL 

OISCIOIMEKSIOIS* 

70 3. 

711 


CAL. 

. 3 u 3 J G<* 

. t 30 Cu 6 

. 03 C 3 0 * 

. 0C0004 

1* OuuOCC 

1.C0C3J0 .330 

R 

• ft 

o 

FF *u:« 

X 

.3 33 3 

ROW CP 

TIME * 

4.413 


♦ OISC 

.. .SPcCIAL 

OISCIU1 (TENSIONS* 


711 


CAl . 

. uO 0335 

.0 03339 

. 3w 03C5 

. COO 33 5 

1.3CC3CC 

1.. 33030 .333 

R 

3j J> 

FF SUM 

x 

• u Jj 3 

ROM CP 

TIME * 

4.11 j 


♦ OISC 

...SPECIAL 

OISCIUIMlNSIONSs 

7. «• J 

F F '.U.1 

X 

. 0333 

ROM CP 

TIMc * 

•» .069 


♦ UiSC 

.. .SPECIAL 

OISC (U INC AS I On S* 

J. A J 

72o 


CAl « 

.33.301 

.L 3CC33 

.330301 

. 0 l 00 : 1 

1. 0339k 3 

1..3CC00 1 . t. 8 7 

R 

J.tj 

77h 


C*L. 

• £ j 9 Z 2 1 

.L0J.-2 

. 33 C C 3 1 

. 3C00C1 

I.Ol.O.O 

1.033.33 7.030 

R 

>.4 3 

24 


L A L . 

• C w c j . 1 

..GCC.2 

.63 0901 

. 0 0 C 0 -• 1 

1 . CllOOJ 

l.CO.C.u J .*»99 

R 


A-41 


OATi -G&/ 2 J /75 riHt U. 27 .Jb. TMuMAL RADIATION ANALYSIS SYSIcM ITRAS»S» CUCoiiJQ /SCOPE i.H PACE , li 

MuUlL * HIO STcP » 1 RCS ANALYSIS 4/9/75 

FORM FAuTOR calculation LINK. 

i* indicates nooe paik mas been auauiviCEOi 
IP INDICATES FF CALCULATtO FRUK J TO IT 


KOJ. I 

NOl)_ J 

COHPUf 4r 10 4 

F£< I,J» 
M/SrtAO 

Ft I J,I» 
U/SHAU 

FAC It J) 

M/ SH AO 

F (I.JI SHAO. t 
MU/SHAC F ACT cF 

SHAC. A 
F AC I Ok 

CP TIME 
ISECI 

50 4> 

FF SUM 

s • w 'Jw 

RUM CP 

fine = 

4.217 

♦ CISC 

• 

..SPECIAL QISCCUIrt£KSlC*S* 


5.5. 

722 

CAl . 

. 0'j c:c2 

. J 0 j bJ 7 

.JO 13002 

.00.002 

1.0.0006 

1.000000 

1 .38 7 

R 

b b 6 J 

rz<* 

CAL • 

. U l« b l) . 7 

. 0 C 0 J. b 

. Ub u j 0 E 

. 0 C b C b c 

l.CbbOOl 

l.bOCObb 

1 . 744 

R 

ni» 

72c 

CAL . 

. OC30C > 

• t J C G J 5 

.000002 

.0000.2 

1.066303 

1.3IU34 

2.C87 

R 

j.ij 

7 »> 

LAL . 

« L '? 6 0 C 1 

. % J M 0 4 

.06C0C1 

. 00 C 00 2 

. 5.5 J4C 

. 55 5G*»6 

3.03d 

K 

>65* 

24 

CAL. 

. 0 60 031 

• u 6CCJ5 

• tlJu.ul 

.00000 1 

l.bCuGGb 

l.OOb.cO 

3.C05 

R 

505. 

FF SUM a 

. j m 

MUM CP 

TIME = 

4.324 


♦ 01 SC 

• • 

.special 

OISCIOIMENSIO* S* 


>. » > 

722 

CAL. 

. b b b . ii 

• U 00 Cl 2 

.00 JwCJ 

. 0 w . u L 3 

l.OyOaac 

1 • Ji) mCi)w 

1 .42« 

M 

s.>> 

724 

CAl . 

. 4 b 00 02 

.lOGOU 

• 00 C0C2 

. 0CC002 

1* ucuJuw 

i .caowao 

1.752 

R 

•. bb 

7 26 

CAL. 

. 300b02 

.bbOOlO 

.030002 

. 0 0 b 00 2 

1 • J b Ip L L t 

1.UQ33C9 

2 . 0 d 8 

K 

3b 5> 

735 

b« L . 

. o a ca ou 

.000012 

.000003 

. CCC002 

l* 0 wwJUt 

l»at)bC30 

3..5C 

R 

>. 5 j 

24 

CAL. 

. 0 b Cb b 2 

. C 0 COO 9 

. 00 b c b 2 

• u b C Ow 2 

It U wJ Jlii 

l.CJtCJ* 

J .686 

R 

iO 55 

FF SUM « 

.3„J0 

»OM CP 

TIME * 

b.377 


♦ UibC 

• • 

.special 

OlSCIUtMENSKN S* 


3b Ob 

722 

CAL . 

. b 0 0 j 0 •* 

. b b J b2 1 

. bb C b 0 4 

. 0 CO 00 4 

1.06000. 

I.OwCujO 

1.384 

R 

3bO j 

7 24 

CAL. 

.OOCC-4 

.3 00bl9 

. b C b b b 4 

. b bC OC 4 

1.4.9300 

1.00CC00 

1 » b8 4 

R 

5w oO 

726 

14L . 

. b b C 3 0 3 

.003017 

. 00 00 0 3 

• ObCOu 3 

1. CbObOC 

l.bO.wwJ 

1.992 

R 

3b Ob 

7 33 

CAL. 

. cocio: 

. . 0 C u . 3 

. 0 G b u 0 C 

. (INIA 

.113212 

.113212 

2.426 

R 

3 bO0 

735 

lAL . 

. 0 .bub*. 

.0 00 02 C 

. 00 u b 0 4 

• 000004 

l.ObbbCb 

i.oe oooo 

2.971 

R 

5 b 60 

?4 

CAL. 

. c o o ; : 

. c 0 0 Cl o 

. OC 0 J G 3 

. 0 . 0 b 0 3 

1. bCO JCO 

1.000000 

3.547 

R 

)dOd 

731 

CAL. 

. Ou 025 3 

. b 0 3 w2 4 

• Ob 025 3 

• b CO 3 0 7 

. 44 726d 

. 44 72 c 8 

4.270 


9 W *> J 

FF SUi « 

.0003 

ROM Cp 

TIME a 

•..270 


♦ 01SC 

. . 

.special 

UISCtOIMcNSIOUS* 


bu 6 j 

720 

CAL. 

. 00 00 0 3 

.0C302G 

.C3CC03 

. oocoot 

• 5»592 9 

.555929 

1.144 

R 

09 

722 

cal. 

.0 JCOO r . 

.0 0b033 

.000005 

.0000.5 

l.bbOCuC 

l.bOOCOO 

1 .45 8 

R 

J U f> J 

7*4 

CAl. 

.000005 

• 0 0 C 030 

.000065 

. C0C005 

1 .Aw 00 0 0 

i.ooc: jo 

1 . 7o5 

K 

90 09 

7?6 

CAl. 

. w 0 00 b 4 

•bOC3?7 

. 00 0 b 0 h 

. OCOCb 4 

l.OuCObO 

l.OOCbwO 

2.096 

R 

it* o j 

73 J 

CAL. 

. ObflJOJ 

.CbJ.l 1 

. bO 00 G 2 

. 1 Cb bb 5 

.J3UAI 

.231142 

2.73 t 

M 

94 09 

735 

CAL • 

• 0 C 6 3 1 f 

.CObCJl 

* 00 6 u 0 5 

. Ou b b j 9 

1 . 066.00 

l.bOOCOO 

3.658 

K 

9w 99 

24 

t» A L • 

. 0 bbb 04 

•b0uC25 

.00 000 4 

. b b C 0 -j 4 

1.6.0060 

l.bbOCOO 

3.603 

R 

9* 04 

701 

CAl • 

. 000388 

. b b b b 4 5 

.00 b38(* 

• 0Cb579 

.070792 

.07.792 

4.354 


09 

FF SUM » 

.3-3- 

MUM CP 

TIME * 

4.35b 


t 01SC 

• • 

.SPtCIAL 

01 SC (U1 ME NS 109 S * 


5b 7. 

720 

CAl. 

.440097 

.k 30059 

. Oj C J J 7 

. Jbb0C7 

. 8 9 1 1 7 b 

.3511 75 

1 . 344 

R 


722 

cal. 

. 0 j 0 J b 7 

• U i*t 90 1 

• Uu L w u 7 

.300067 

1'bwCwll 

1 • . 30.0b 

1 ,.C3 

R 

6 C 7i 

72u 

CAl • 

• C J w 4 4 C 

.tflc:b7 

• 0* MM-*) 

• 0 w 3 i 3 6 

1. *..606 

1..6C660 

1 • 795 

K 

5b 7 4 

7?o 

cal . 

. b05?9t 

•w3bC>2 

. J . f H'l 

. oec . jc 

1 • 3 ■ k *36 

1 »b ««(# J 

1 . 49S 

R 
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OATc. l 

TIME 

li.ul.13. 

THE INAL RADIATION ANALYSIS SYSlcM 

IIRASYSI CltCbSOO/SCOPc 3. - 

PAUt • 

1-* 

HOOcL * RIO 

STEP » 

1 

RCS ANALYSIS 

4/9/75 




FURM F Ac TOU CALCULATION LINK. 


(• lf.OICATtS NO Uc PAIR HAS Be. tN SUBUIVIOLOt 
( R I NC 1CA TES FF CALCULATED F KOrt j TO II 


NJJ£ I 

NODE J 

COMPUTATION 

F£ II. Jl 
rt/SHAJ 

FE IJ.II 
m/SH-0 

FA« I , Jl 
N/SHAO 

F II, Jl 
HO/SHAL 

JHA O . c 
F AC I CP 

shac. a 
factor 

CP I IME 
ISECI 


5u70 

713 

CAL . 

.--c:j7 

. C fi- 36? 

.0) CJC7 

. -.-02 7 

1 . LC w * 0 U 

l.COOCJQ 

2 . c62 

R 

>- 73 

n 5 

CAl. 

. 3 - *3 we 

.100057 

.00 j J Co 

. G100C6 

l.CcOCtfC 

l.COCOOO 

2.972 

R 

7y 

2- 

cal. 

. - 3 0 - 3 5 

. it C 3 **9 

.0)Cc05 

.0CC0C5 

l.U-wuuU 

1.C30C30 

3. 52 3 

R 

3./. 

7 3 1 

CAL . 

. . J u j 5 1 

.003339 

.00 0551 

.000551 

l.OCCwJO 

1 iluOCCO 

4.282 


6-73 

f F SUN 

■ • 3 JJ6 

RON CP 

TIME * 

- .291 


♦ DISC 

• 

. .SPECIAL 

DISC IDI Pc KSIO’l S* 


60 75 

720 

CAL . 

• 0 2 3* Jo 

• M 0 U 1 J 1 

. W U U J L d 

. 0 C u 0 C d 

ltlilC WWW 

1 • 0 0 w «* J u 

1.397 

R 

50 75 

722 

CAL . 

• c tf C. J J 

• C Jl\H5 

. 3u CC-i 

• 0 C a 0 u 8 

1 • CuOCCC 

1 • J 0 JC G J 

1.363 

R 

■>17 * 

72- 

cal . 

• u u uC 3 / 

• c J 3 w d H 

.33 0 30/ 

. 3C00J7 

1 • CLW Cut) 

1«wo330u 

1 • cb 3 

R 

»./? 

72 6 

CAl. 

• 0 «- w 0 G* 

• 0 w 3 wi 3 

• 03 0 w 3 7 

• Ml 

ltlwuCOO 

Itill 

1 .953 

K 

5c 7 v 

73 I 

CAl . 

• U J « 3 J .1 

• * C £ G93 

. J j U « u 0 

. CCuCu d 

1.-0-.-3 

l .GCC00J 

2 .61 a 

R 

5c 7 j 

735 

CAL. 


• w 0 C 3 7 

• Cc Luj7 

.U :C32 7 

it GnC udG 

l*S3i»u3J 

2.9C1 

R 

/./j 

24 

CAL . 

• u <« CG Ot 

• 6 0 w J7 5 

. 00 03 Co 

. (P-J-fc 

1 • U WWC 0 C 

1 • b C 4. C J J 

3.43 5 

R 

5. 7 - 

26 

CAL . 

• C 6 CO w I 

• t 3 C o t5 5 

. CO Ou 0 7 

. cCDOO 7 

1* 0 w (1 J w C 

l.JOoGQJ 

3. 762 

R 

>075 

731 

CAl . 

• 00 w«rt J 

• 3i)Ci:4 

. 0u (•.! 3 

. CCJ-d 3 

ltbwCuOw 

1 • u J i# c C 0 

-.215 


>. 7 > 

FF SUN * 

. 3 0J> 

kOM CP 

TIH£ * 

'*.215 


♦ DISC 

• • 

.SPtClAL 

DISC 1 01 PcNSlOlS* 


>. « J 

723 

CAl . 

• C t wJw ) 

. u 0 J 1 3t> 

. 03 0t09 

• J C w J 3 *3 

l.Ouuw.c 

1 • J 3 WWw 0 

1.116 

R 

5 - 8 j 

702 

CAl . 

. 0 30008 

0C128 

• OC u w u d 

. J JO CC 8 

it NwnCkC 

UUllli 

1.375 

R 

iw 0 J 

72* 

CAl . 

. 03 CJOd 

.002121 

.30 303d 

. * c 0 J. 8 

1 . -CCCC3 

1 .300033 

1 • to? 

R 

> * ® j 

726 

u»L . 

... 

.1 JC114 

. 0J30C7 

• CnCGw 7 

1 • 6 i<T N C 6 

1.S3C030 

1 .958 

R 

>.d- 

.MS 

cal . 

• 0 wwuGi 

• 0 CO 124 

• Om g a o d 

. JCuO. d 

1 • 0 C W U U D 

1.030-30 

2.634 

R 

> J8 * 

735 

CAl. 

. C 0 -- 3 7 

. 0 Cc 11 7 

• A#*# a C 07 

. CCw30 7 

1 . JuUG 3 C 

i ...... : 

2 • 90 > 

R 

5- tj 

24 

LAL. 

. 300317 

• C 0 0 lw9 

. Ou o 3G 7 

• ii C w 3 u 7 

l* 0 A> l) J U j 

1.QJC.00 

3.-30 

R 

>.83 

26 

lAl • 

• V 48 W J C 7 

.uG0ll2 

• J «0 <4 0 te 7 

• 0 c w w u 7 

It JwiiiiuJ 

l t ii y CC CO 

J. 70 4 

R 

5*8- 

721 

CAL. 

. 0 3 w 4 0 1 

..03112 

.J0C401 

t GCC^J 1 

I.eUuJeu 

1 tJGCC JG 

*.l-cd 


6J83 

FF SUM « 

. C * 2 5 

RON CP 

TIME * 

*.104 


♦ Oa sc 

• • 

.special 

OISCIOIPENSlClS* 


>. t > 

720 

cal . 

• C 3u00d 

. . 03 lu 7 

.03 C- 3 d 

.30330 8 

1 • u CO Cu w 

l.woaoo 

1.110 

R 

>« 8 > 

722 

CAl. 

.030131 

. 3 0 C Is 9 

. 3 J - v - 8 

.000038 

l.CwOuOC 

1 • w J j w j G 

1 .41 3 

R 

>. tv 

72 4 

LAL. 

. -30038 

.1 Cj 1 . 1 

. 3 0 C J c 8 

. -C0308 

1 • GwC-U J 

1 • 0 U CO- O 

1 .72 0 

R 

5 2 Jv 

726 

CAl. 

• C J 0 - 3 7 

.0-01** 

. -3 0 0 0 7 

. 0 Oc C 0 7 

1 • C l j 00 - 

l.tt jccoa 

2.02 a 

R 

>3 d j 

731 

cal. 

.030303 

••31152 

. C 3 3 - . 8 

.3 iCu.l 

1. -wloww 

1 • w w iOy 0 

2.(11 

R 

>* 8 j 

735 

cal . 

.00-207 

.3 0. 144 

.03CIC7 

. 0C0-C7 

1 1 w .0 - ii • 

it 0-iitu 

2.992 

K 

5 j 0 > 

24 

CAL . 

.0.3327 

.000138 

. 03 CCC 7 

. J3C337 

1 « Cwv. Jw 

1 tc JCwOO 

3. *93 

R 


2o 

CA L • 

• -CC3C/ 

. C 0. lit 

.33-237 

. 0 — C C 3 7 

iti.COCy 

ltCCC.wO 

3.805 

R 

5* 05 

7 21 

cal. 

. U33 J23 

.C 2 w 11 J 

.0-0323 

.0(032? 

l.OlCwOa 

ItCuLwCO 

-.260 
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OATc. 05//3/75 TlHt 14.1$. 07. 

MOJcL = 910 STEP = 1 
P09H FACTOR C ALC JL AT ION LINK. 


T HE F HA L RADIATION ANALYSIS SYsTcH IT RAStS) COCo5CO/ SCOPE 3 .h 
RCS ANALYSIS 4/9/75 


PACt , JS 


I* INDICATES NODE PAIR HAS OEc i SUdOlVlOEO) 
IR INDICATES FF CALCULATED rROI J TC I) 


NOU„ I 

90U_ J 

COHHU TAT 1 09 

Ftll. Jl 

M/ SH AO 

FEU, 11 
M/SHAO 

FA( I, J) 
M/SHAO 

F (I,J» jMAO. E 
MO/SHAO FACTER 

SHAD. A 
FAC ICR 

CP TIME 
ISECI 

juSj 

FF -U9 

- tdiij* 

ROM CP 

TlHt * 

■* *2b j 

♦ CISC 

• • 

.SPECIAL UlSC (DIMENSIONS- 


319.. 

/IS 

CAL . 

. --6J0/ 

.o03-59 

. GC 111 t 

.01-015 

• 4**5oo 7 

. -4 Ecu 7 

.895 

R 

>191 

/23 

CAl . 

•ta»ai<* 

. o 00 19 3 

• 1 J C - 3 o 

.00-300 

1»Ju0joo 

X.C0CC13 

1.127 

R 

>19. 

Fit 

cal . 

. -O-Cli 

.110X95 

. lu OlC 8 

. 0 0 3 C - 0 

l • b - J C C - 

1.C0C310 

1.397 

K 

3 0 91 

72- 

CAl. 

.—1-13/ 

.1331/7 

.-30-1/ 

. 6C631 7 

i.OCCwww 

1.-0CCG0 

1 . t91 

R 

V - i- 

no 

cal . 

. 101)3/ 

. 0 u 1 1 / 0 

. 0 3 £ « — / 

.101-30/ 

1 *0 UrIu 

1.0133-3 

1 . 992 

R 

>191 

Ml 

CAL . 

. CO) J IT 

.ooJCSl 

. 31 Oo u J 

. o:u:8 


.331393 

2.J3S 

R 

- - 9) 

M3 

CAL . 

. 0 1 - ) 17 

.CCJl/5 

.———03/ 

. 0CCJ37 

loUvOCy 

X • C 03300 

2.E4 7 

R 

j 0 9 ) 

/IS 

cal . 

.0)0:0/ 

• o GC lu / 

.33 — - — / 

.31013/ 

1. C c J J C o 

1.33C130 

3.000 

R 

3-9) 


CAl. • 

• 0 —Owl/ 

.1 3 6 1 u 4 

. 03 033/ 

,U(U 7 

1* CovRwy 

l.-acc.o 

3.536 

R 

30 9# 

26 

uAl • 

.110 9/ 

. o 0 1 1 57 

.63 3.0/ 

. 0 0 CO . 7 

l.OcO 

1.331000 

3.836 

R 

5. 9i 

/Ol 

cal. 

. £ J 1/ 5 c 

.: coii9 

.Cl 1156 


1 • 0 kO wWL 

1.003-60 

-.237 


30 91 

FF SDH *■ 

• 6*J3 

kOM CR 

TIME = 

•*.276 


♦ Oi^C 

• • 

.special 

OISCIDIHtKSICU* 


5.9- 

71- 

cal. 

. - - . J u . 

. - C 6 1 — 1 

.33 - - 0 5 

.331315 

l.ul.-C- 

1.--10-J 

.879 

ft 

>. ij 

72) 

cal . 

. 3 J C : 3 7 

.-30/16 

. 0) 3-C7 

• 0 - G Ou 7 

1. 1-111- 

1 . - w C - - - 

1.390 

ft 

519. 

722 

CAL . 

• u 1 Cl G7 

.L 132-8 

. C 3 -06 7 

.01-007 

l.ulJ-1- 

1.C03C00 

1 .Hi J 

R 

- 9 - 

72*. 

cal. 

.01 i«7 

• 163/Cl 

.330137 

.00-3.7 

1. 63-3C- 

i.:oci:o 

1. 701 

ft 

-« 9- 

7?o 

CAL . 

.C.-117 

.103 193 

.0) 307 

.3-30-7 

1. -llu-u 

1.100C13 

1 . 9c5 

R 

-.9- 

7 <1 

CAL. 

• 0)1)03 

•--3C90 

. CO 616 3 

. 3113-7 

. -.oo5 7 

.-4cc5 7 

2.3-0 

R 

-- 9> 

<'-3 

CAL . 

.3-0)37 

.-33195 

. 0— - 0 C 7 

.0103-7 

1. — 10-0 — 

1 .6 06103 

2. t30 

ft 

•— 9 a 

MS 

Cm L • 

. 3 1 03 1c 

.. 31187 

.03 C--o 

. 3 C C 0 - C 

I.--— 303 

1.-6-1G3 

2.926 

ft 

^ - 

24 

CAL . 

• 1 3 1 .* 1 7 

.-03188 

.0)0)37 

. J.C1C7 

1.0. Obi— 

1.13-333 

3. -.95 

ft 

M M 

•*o 

CAL . 

. b . - - 0 — 

•003175 

.03 6C- u 

. 36-3-c 

1.3--0C1 

1.00363- 

8. 723 

R 

— 95 

711 

CAL . 

. C2C2-' 

.£ CCi! J 

. 3- —2 Cl 

. - -3 21 0 

1.-13--- 

1.000600 

•*•15 7 


>3 95 

FF SUM * 

.3)73 

kJM CP 

TIME * 

-.157 


♦ Oise 

• . 

.special 

DISC (UIMLNSI C* 3* 


5133 

71 J 

CAL. 

.003131 

•636330 

.03 -OCX 

. 1666- 3 

• 22* o 1 1 


.22-616 

• 5o4 

R 

-x c - 

715 

cal . 

.000.63 

. - 00162 

. 0- 3 j 0 J 

. 96C3- 2 

iabwWwLA 


.930-10 

.86 5 

ft 

>130 

7/0 

CAL. 

. C - 1 1 3 '• 

.-30280 

. 39 013 5 

. 6 - 0 6 - 5 

1 • J w 0 w J W 


• 3 0 Cd 0 0 

1 .138 

R 

-1 -- 

7/2 

cal . 

. UCJ J- 

. 

.31 3-15 

. ciassi 

1 • 0 u w C J % 


• 0 3 — C C 0 

1.415 

R 

- 191 

7/4 

CAL . 

. 0 0 C . 3 5 

. C C - 2/6 

• 63 )10 5 

• 9C-315 

1* J w J C C m 


..01330 

1 .o87 

R 

-10 J 

7 ’*» 

CAL. 

. ci-3:- 

• C 6 -2o5 

.3G0.C- 

. (11314 

1ft 6 k U • M W 


•106C60 

1.999 

R 

5X3) 

7<1 

lAL . 

. c j 3 : j — 

.6 3 02*. 4 

. GJ 0- 0 ** 

. -6-3-4 

1.0m JuJO 


.006003 

2. J37 

R 

-X 03 

7 «J 

CAl . 

.—1.33— 

. - 0 - /— 9 

. -3 36C- 

.066)4 

lftCQwuCu 


.161-33 

2. co 3 

R 

IX Cl 

735 

CAL . 

. c - c . - - 

.-3(2-5 

*60-31- 

. SC60-4 

I.OCOjcC 


. 6 0 1 3 - 3 

2.924 

R 

>10 J 

/- 

lA c . 

.-6)1.- 

• - - - - o 1 

. 0- -w - 4 

.1160.4 

1 • 0 -i)kwC 


..33-3- 

3.458 

R 

51 -- 

?6 

CAL. 

.63611- 

.-CC/JO 

.3)3-14 

.0196)4 

1* yyddyy 


.-61)60 

3. 750 

R 

>1-3 

731 

Cm L . 

.1305 3 

.(•C31® 

.3.053 

• 6(6053 

1 .OmmwOO 


.636030 

4.187 

K 
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u- ft. C5/20/75 Tint t>.0 4.5-*. TMtMAL CAUHIION ANALYSIS SYSTEM ITkASYS) CUCb 5C 0 /SCOPE 3.A PAbt 

MOOlL = *10 STEP * t RCS ANALYSIS 4/9/75 

FOR 1 FACTOR CALCULATION LINK. 


(• IN01CAUS WOOL PAIR HAS 6LEN SUUOIVIOEOI 
IN iNOiCATrS FF CAlCULA'EO FRO* J 10 1) 


NOUc I 

NODE J 

COMPUTAf 109 

Ft 1 I, Jl 

F£ IJ.II 

FA( 1, J) 

F (I.JI 

SHAD, t 

shac. a 

CP TIME 





M/ SHAtJ 

M/SMAO 

M/ SHAU 

MO/SHAC 

F ACT 

FACTOR 

(SEC> 


5133 

FF SUN 

- . J •■> a 1 

ROM CP 

TIN! = 

4.278 


♦ 01SC 

• • 

.SPECIAL 

0 ISC (01 ME NS 1 04 S : 

9l 0 } 

711 

CAL . 

• *3 U w -4 Q 1 

•003111 

.034231 

. 664047 

• oc 72-3 6 

• 66 52 58 

s.56o 

R 

>1C> 

71 3 

cal. 

. 3 3 3a J 2 

.4 30 lo5 

. m3 m 2 0 7 

•idlll 


1.G6CL00 

.931 

R 

5l 4 m 

72 J 

CAl. 

.66 «-;j 

.£0(315 

. 03 um j 3 

•020302 

1 8 Gb J 4i« 

IUOGmCJ 

1*115 

K 

51 J i 

U? 

lal . 

• W • M M * i 

.0 J33al 

• Ju um 3 3 

• OCCuG 3 

1 • Gy <j » G 3 

1.00CC33 

1.478 

R 

vies 

rz 4 

cal . 

• 2 a C a 6 I 

• w C y H 

. 00 0C0 3 

. 0C0C3 3 

IaCCOOoO 

1.Cml064 

1 . 701 

K 

Mw» 

7 ?o 

CAL . 

. C C 3 J J 3 

» C 0 17*35 

. 03 (34 3 

. CCo 302 

1* U Sf U W w W 

1 . Gm 2b3 0 

1.990 

R 

V 1 W 3 

7 U 

cal. 

• 0 C bw 0 3 

.003771 

. 00 uCb 3 

• 62CJ22 

IamCDwIIm 

1.C0...0 

7 . Job 

R 

Si O S 

/ 33 

CAl . 

.o;«;: j 

. C 2u 2o8 

• C 3 u 4 3 3 

• 0 C C 4 u J 

1 . 6 6 6 60 C 

1.CC266C 

?.c64 

R 

Si J3 

735 

CAl • 

. 2 0 13 03 

. . Q0to5 

• 44 8.6 3 

.886081 

1.4m63G3 

1 .6431*00 

7.914 

R 

Mdi 

2m 

LAl . 

• 0 R uC « J 

.. 42292 

. Cm 620 3 

. CCOOmI 

IaUuCmJu 

1.666666 

3.459 

R 

vU J 

7 c 

cal . 

. 0 JC3JJ 

.100753 

. M . M M 3 7 

• 4 a 6 4 J £ 

1. mmOOuC 

1. .6(2 J J 

3. 755 

ft 

vli 3 

/ Jl 

CAl. 

. 3. : i 

..MM. 17 

• 0 U Dm 1 J 

• IIICU 

1..MmmLv 

1 .4 36400 

4.1b7 

K 

vl 35 

FF SUN 

* . M m3 C 

RUM CP 

TIME * 

m • l 7 3 


t Oise 

• • 

.special 

OiSCIOINcNSIOlS* 

H1J 

711 

cal . 

. 0 3 Cm 6 ’ 

• 0 0 L 0 * £ 

.01 4300 

. 0 0 0 Mb 2 

l*UwwUUto 

1 • u 3 Qu GO 

.311 

R 

3l 1 J 

713 

CAL . 

M n • 

• » w « J U « 

•(IIa3t 

.OOOCGG 

• 3 C M J » C 

l.lkMJCC 

l«uCCyJJ 

. oO 4 

R 

5113 

/IS 

cal . 

• C u Q J 3 « 

• G 6 Z y y 2 

. U u J . 0 J 

. 0C0 00 4 

IaOwJoCu 

1.30C600 

• 6 0 9 

R 

Jll. 

720 

CAl . 

• 64084b 

.L0GC3S 

. 00 4m 0 J 

• U 3 i U w «4 

1.6664mm 

1 . m G23m 0 

1.145 

R 

>1 1m 

712 

CAl . 

. OJCJ 3 r 

• Ci i) o J« s 

.034000 

.0C40m3 

IoGmUmCm 

1.C0C034 

1 .*.32 

R 

Vila 

72 4 

CAL . 

. 0 222 02 

.2 4( 325 

.430.04 

• C C 3 u w 3 

1.664666 

I.m666G0 

1. 733 

R 

Sll. 

72b 

CAL . 

•ccduo; 

• C CO s 

• OC C * u j 

. 4 MM Ok M 

1 « C 4W«i l)« 

1.43CGOO 

1.978 

R 

3 1 1 J 

7 31 

CAL. 

. L m m 3 0 C 

.403022 

.03 C30C 

.OCCbCO 

1 • 0 U y w U U 

1 .0 w Cc - 0 

7.325 

R 

>1 13 

Ml 

CAL . 

• 3 b W a J ’« 

• C C • U w *• 

.620.04 

. C 0 m 06 3 

l«0Cjudu 

1.666666 

2 • t)2 3 

R 

ill J 

735 

CAl. 

. 0 J0J03 

.4 3b Cm 4 

.033364 

. 4 C 3 30 3 

1. uCG J mm 

1 .203046 

2.093 

R 

3 1 1 3 

24 

cal . 

.00.303 

..0CCC5 

.00 4.CC 

. CCCC33 

1. 6. 0366 

1.C6CC60 

3.411 

R 

311. 

2b 

CAL. 

.ooooj. 

.oC 0034 

• C w C C C J 

.421003 

1 . 6k 3 a 4 C 

1.C0C3C6 

3. 74 3 

R 

sin 

70a 

CAL . 

. i> a CO 0 1 

• CuOmm 7 

• 0 J u * 0 1 

• GC6 64 1 

1.466660 

1.004600 

4.002 

R 

SllO 

FF SUH 

> . 0 33 C 

ROM CR 

T IP_ « 

•*.3 98 


♦ OISC 

• • 

.SPECIAL 

OISC (01 HE NS 109 S s 

1 •• J 

71*. 

CAL. 

.40007 

.276736 

.00.307 

. 4CC361 

1<6mw363 

l.COCCCu 

. 3**o 

ft 

i •»> 

71l 

cal . 

.03 0157 

.Cl-o74 

. 33 m IS 7 

• C w w 1 5 7 

IaCmwJrC 

1 . 30b J JO 

. 7o + 

R 

U9 

714 

cal . 

. 0 a O'. 44 

.C38-37 

. 00 3. 89 

.00.439 

1. OC 366 m 

i . : o c o m o 

1.264 

R 

l*i 

771 


. f» ‘ M01 

.o35A71 

.Jt 0281 

• 0 £ 0 w i 9 

. 81 1 1«6 

.811184 

1.79 3 

R 

145 

773 

*• • • 

. : 

• m C 873 1 

.020397 

. 0 C C m9? 

1.4.6306 

I.mCCmhm 

2.267 

R 

14» 

775 

CAL. 

. a 622 4 C 

• o 0 7©«7 

. 3 J m. 83 

• 0 C u C 6 w 

1. 6C6m Cm 

1 • uwOtiC 0 

2.74 2 

R 

14 3 

777 

CAL . 

• 0 J moOS 

•L J(4i0 

. 33 0.6 8 

•4C36o* 

1 • CuCJww 

1.30CC20 

3.213 

R 

1-.V 

733 

lal . 

• C C 44 **•. 

• L Si l . 4 

. 33 3247 

. 02C271 

• 9 *3u79 

•>9ab29 

3.o01 

R 

143 

7 37 

CAL . 

o :c34» 

.iaivJJ 

. C. 2 ?*»d 

•C22Cu6 

• b 

.69(734 

3.948 

R 

i ** 

734 

CAl . 

• 2 . 2 a L . 

• 0 0 1 w ^ t> 

• 3m 3l r m 

. 3(G 

1 1 Cc» J«i» 

1. .332.3 

*..514 

R 

l <•> 

?5 

LA. . 

. i a 4 J a 4 

• •Clc.ll 

• i-3 I Vaf 

.mU:25 


i o 

5 .2 Jo 
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OAfc .0>/20/75 TlPE 1S.1J.1-*. THERMAL RADIATION ANALYSIS SYSTEM (TRASVS) COubSwO/SCUPc ].« PAUL , 17 

NOOt-L « aio STEP s 1 RCS ANALYSIS 4/9/75 

PORN FAoTOR CALCULATION LINK. 

(• INDICATES NOOl PAIN HAS OccN SU *U 1 V I C* Q I 
IR INDICATES FF lAlCULAIcO FROM J 10 II 


NJUt l NOOw J COMPUT AT 10M FEII.JI FflJ.II FA(I,JI F (I.JI SHmO. c SHAD. A CP TIME 

H/SHAJ N/SHAO M/SHAO HO/SHAO FACICk FACTOR (SECI 

U> Tit 1 CAl. .030212 . 6 CO 3>9 . 0 J 0^1 ^ .0CO2I2 l.uCOCC* 1.033030 6.114 « 

i«*> FF SUN s .0'!-. RON CP TIME = o.l4t ♦ TRAP ♦ > REAR TAPER 


luo FF SUN * 0. NON CP TIP* s *.b43 ♦ RcCT Pc AR FLAT PLATE OUT SACK 


1 *7 

710 

CAL . 

. 0 C Co 7o 

. *94144 

• * 0 Co 7o 

.00*1*5 

. 692*08 

. C 9 2 * u 6 

.73* 

R 

1*7 

7U 

cal. 

. 0 C MM 7 1 

• : 56892 

.00 0. 79 

.OCOlle 

.6/3770 

•irmi 

1 .458 

R 

1*7 

714 

cal. 

.30*06* 

• 0 > 7 *6 0 

• 00 *08 u 

.003122 

•6*u57o 

.660? 76 

2.226 

R 

1*7 

771 

CAl. 

. 03 03 37 

.*26211 

.00*027 

• 0QC 3o2 

. ?o9*o 7 

• 56 **67 

2 <o31 

R 

1*/ 

72 3 

CAl. 

• 0 00 J*C 

. *28b21 

. 00 0 0 4 0 

. 1*0*67 

.590222 

• 59c222 

3.116 

R 

1*7 

775 

CAl . 

• C C G 7 * 3 

.0307(53 

• 00 0*43 

.000071 

.o01>*2 

.0015*7 

3.570 

R 

1*7 

777 

CAL. 

. 0 J u J 4o 

.0 37574 

. *0 0 0 4 o 

.000075 

. 6052c i 

•63£2c7 

3.941 

R 

1*7 

7 30 

cal. 

. u...cC 

• G*27.< 8 

.00 * j o 0 

. CC00o8 

.o6i311 

.o813ll 

4.623 

R 

147 

7 32 

CAl • 

• 0 * 3 * 5 > 

.0 J97*S 

.111(11 

.0*0043 

• 56o91 * 

.56691* 

5.270 

R 

1*7 

7 J* 

Cal . 

. 0£ *JE7 

..*1723 

. 0 J C Jfc 7 

. 10**9 4 

.oo 3 ?2l 

.662521 

?. 363 

K 

147 

7*0 

cal . 

.C533# l 

.<r7^li2 

. * * * 3 8 4 

. 0CC 189 

1 . 0 *C * *C 

1 . COCO 3 3 

6.964 

R 

147 

25 

lAl . 

. w * J * * i 

.0 JUJJ 

. vu w 0*7 

.acc 377 

.0*7 *?2 

.oO 1957 

9.324 

R 

1 47 

77 

cal . 

. c S.J7-; 

•052633 

.03 00 7? 

. 000151 

. * i 8 J C* 

. *9 1 . 04 

10.196 

R 

1*7 

7 C 1 

Cal. 

. 0 0 379 J 

iSlIMl 

.00 0793 

. C . 1982 

.**0004 

.*0*084 

10.539 

R 


147 F c SUN * .0319 NON CP TINE * 10. >34 ♦ K* CT SLOPING REAR FLAT PLATE 


71m 

900 

CAl. 

• *2?o9 . 

. * 0 0 0* 9 

. *2 669* 

. J 7 9 o 9 * 

1. *0*0 0* 

1.0000 JO 

1 .85 0 

710 

401 

CAL. 

. u 2 63A6 

• * Ou 156 

.02b 366 

• *2c 39c 

l.wCv.OC 

l.OCCG.O 

2.109 

710 

605 

CAl . 

• * 38*57 

.000315 

.036357 

.038397 

l.M*0**0 

1.000000 

4 • 58 7 

7 1 J 

6 Oo 

CAL. 

.034*17 

.C 30141 

.034*17 

.039417 

1. **LCQ* 

l.*0*0C0 

4.65o 

7 1* 

910 

cal. 

.0**450 

.000038 

.00095? 

.3**955 

1.0**000 

1.0000*0 

>•514 

710 

411 

cal • 

.001756 

• * GCu* 8 

• 30 17 >6 

. (*17>8 

1.000*0* 

1 .£00000 

5.745 

710 

222 

CAl . 

. 02053* 

.000323 

.02053* 

.£2**34 

1.0*0*** 

1 .C0C*60 

6 .2o6 

710 

2 

cal. 

. 0 m 42 6* 

.**0003 

. 00 *26 * 

. £07577 

• 56? I2e 

.?€* 326 

7.639 

710 

3 

Cal. 

.020669 

.*30 *2 0 

.020669 

. CEO 869 

1.0*0*00 

1.000C00 

6.125 

71* 

1** 

CAl • 

• 0 3*433 

• iCO.lS 

.03*433 

.312420 

. 38 1 Sc* 

•381cc* 

8.399 

7 1 J 

4 

CAl . 

. C4«**i 

.00*275 

.048**1 

. 1 £ Sol 5 

.432*7* 

.432* 7* 

10.262 

71. 

306 

*al . 

• 03 6?ol 

. OO (ISC 5 

. 0* o?ol 

. 0279*3 

• 3*ol 7 1 

.30(171 

15.963 

710 

FF SUN « 

.3711 

ROM CP 

TINE > 

17 .059 


• DISC 

-2 1ST 

RCS X*1519. 75 


711 

712 

CAl . 

. 0 *25 4 £ 

. 0 * 2 5* 0 

. 0* 2>*0 

. **2?* 0 

1 • 6« u w * y 

i 

. £ 0 C * * J 

.210 

711 

721 

CAL. 

.00122* 

.*£1224 

. 0* 1 22 * 

. *0224 

1 • C w A 2 4» v 

i 

• £ 0 C. .0 

.428 

711 

723 

CAl. 

. 0£ l*2t 

• C 31 *26 

. 0* l*2o 

. 0 * 1 0 2b 

l.OuwuCt 

i 

.*00*00 

1 .20 ( 
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<JA It f-j/aO/73 fine 15. 22. 01. THERMAL RADIATION ANALYSIS STSfeM IIRASTSI COC«>5 JO/SCOPE J.o PACE • lo 

NOUcL * RIO STEP * 1 KCS ANALYSIS 4/9/75 

KWH F Ac TOR CALCULATION LINK. 


«• INDICATES NO Uc PAIR HAS PEtN SUQOIVIOEOI 
(R INCICATeS FF CALCULATtO FROM J TO I) 


NOUt I 

NUO- J 

COMPUTATION 

FlTI.JI 

Ft lb *1 > 

mi ,ji 

F ( I . j ) 

SHAO. t 

SHAO. A 

CP TIME 





R/SHAlI 

M/ShAO 

M/ Sr* A J 

MO/SHAO 

FACTOR 

FACTOR 

<S£C1 


/ll 

n 5 

CAL. 

. 0 JOoS ) 

. k 3 i*C39 

.0.3 o5 9 

. 0CS659 

1 . w .0 03 w 

l.CCJbOC 

1 • 502 


711 

727 

CAL. 

.033355 

. C . u i-j 5 

•Mllll 

.000355 

1*3.0. .3 

1. .30033 

1.651 


711 

733 

CAL. 

• w i* 1 2d * 

• k 31243 

• 33 126 C 

.331210 

l.li.CCCw 

1.030000 

2 . 11 ( 


7 11 

7 3? 

CAl. 

. U J1197 

. k 3 1 1 47 

.03 1197 

• Okl 19 7 

1 . 0 «0 3 bO 

1.036000 

2.421 


711 

7 3c 

cal. 

.0013-1 

.CC1C31 

.03 UC1 

. 331301 

l.ObObO. 

l.ObCCOO 

2.763 


711 

775 

CAL. 

. b . J b 3 * 

.0C0C30 

.03 33 3-. 

. 3C3C10 

• 3621 >5 

•3(<1S> 

5.379 


/II 

777 

L/L . 

. 0 0 j. 0 f 

• bOCuOu 

.03 0307 

. 03*015 

.371505 

.371505 

5.739 


/II 

31 

cal. 

• C 1 3 . 0 j 

. k 0 ( aa 7 

.313030 

.015297 

•6?324i 

.653221 

0 • 50 1 


711 

32 

CAl. 

. 0 :293m 

. . 3 C C92 

.33 2909 

• 3 32m. 9 

l.OkObOO 

t *011630 

7. :«.7 


711 

33 

CAl . 

.02377 J 

. 30 2 * 1 a 

• «*2 J 779 

. 02 j 779 

l.OOCbOk 

1 .333.03 

7.622 


/II 

3* 

CAL. 

. 0 3 ** >6 j 

.C OCCil 

. 3* *>6 3 

.OCHSES 

l.CCC-u. 

1 .Ob CO 03 

d . )65 


711 

25 

cal . 

• I* 0 .2 . * 

. . 00 13 4 

. 03 020*. 

• 0CC ?.* 

l.bkObbk 

1. .0.030 

6.55c 


711 

27 

cal • 

. 0 . . .d M 

.000*30 

.000*63 

. 9CC5-C 

.43035/ 

.66 1357 

6.661 


711 

as* j 

CAL . 

• 0 2 7>54 

.*0322 6 

.027-31 

.327536 

1 . C 3w 3 3. 

1 . *00*33 

9 . 06 3 


711 

131 

CA L . 

. b 2 Ml 5u 

. 3 0 3 1 * 1 

.329156 

.32913 c 

l.JkCObk 

1 . . 3b u 03 

9.977 


711 

all 

CAl . 

. 3 

.0 0 0 k J 3 

•Cu 3 » 35 

. 0 30 > 15 

1 • 0 Ou 0 lb 

l.CQwCOu 

10.762 


711 

22 

CAL. 

• Oh b.Stj 

.coocao 

. 0 *. s.to 

. . H 4o 2 1 

« 9 > 6 0 6 6 

• 95cC (<* 

11.666 


711 

731 

Cal. 

» J 3 3 J A * 

. k . 0 k J 0 

. JO 0 . 6 O 

. jC0 3h1 


.2*5**® 

22 .bob 


/ll 

212 

CAl. 

. 01 uO ? ' 

.:Ckj:e 

.010627 

. 0 -M41 * 

. 2o9w2 e 

•269E26 

27.119 

• 

/II 

jac 

CAl . 


. 0 0 i - - 4 

• u j 1 i 3 - 

.07*. 352 

• 116963 

. 11 (t«3 

27.636 


7 1 1 

1l5 

CAl . 

.C*»7-3’ 

.0CJ121 

. 04 7<* 32 

.067*32 

L.CkbOCk 

1 . 0 3 . b b 3 

26. *.93 


7 11 

7C1 

CAL . 

• 02>?31 

. 0 30 f. b 

. 02 Soil 

• 325631 

1 . 3 k35 Ob 

l.bbC.bO 

29.269 


711 

702 

cal. 

. 001715 

.. 00 330 

.00 1715 

.031715 

l.ObCJbb 

l.OOOCOO 

29.539 


711 

FF SUM 

* .2«15 

KOI. CP 

TIME « 

33.253 


♦ CISC 

•l 1ST <C3 **1519 


712 

«:o 

CAL. 

. 022625 

•k 035*3 

.022625 

.022625 

1 • Cl c i Ou 

1 • y 3 3 0 y J 

1 .749 

712 

951 

CAL. 

• J ? wtt £ * 

.C 3.123 

.323623 

• y 2 49 A £ w 

1 * We b W 6 b 

l.OOOCOO 

1.962 

712 

335 

CAl. 

. 0 J 9-» 92 

.005325 

.339592 

.039592 

ltCwCeWw 

1 .C33030 

*. .476 

712 

o *6 

cal. 

. 05992* 

•b 00c90 

.0599?* 

.059924 

1 . bbOOOO 

1 • 30 

* . 64 1 

712 

113 

CAl . 

. b3l £ti 

• w G 0 w 1 J 

.01 1235 

. 0 : 12.15 

l.OkbbbC 

1 • OOktbfi 

5. *11 

7 12 

ill 

CAL. 

.031171 

• L 30u39 

.0. 1671 

•001671 

i • wwwwwC 

1.C0C030 

5.694 

712 

222 

CAL . 

• 

.CCOC** 

.0*319* 

• iiu 1 9<» 

1 • Jlw JuO 

1 .000030 

6.336 

712 

*07 

CAL. 

. 30C.u2 

.C0C.0 2 

• (2w w L J £ 

. 0 CC '02 

l.wbOObb 

IiCwCCwO 

0.690 

7 12 

2 

CAL. 

• C * 96 * 1 1 

• 4.63C04 

. 33 uC 1 d 

. 0 07 lo 1 

• (5 •* w i £ 1 

.6*. 0521 

7.760 

712 

3 

CAl. 

. 01 93 21 

• 1 J C » 1 0 

.319521 

.319.21 

1. C .000 0 

1. LOO. 00 

6.26*. 

712 

1*4 

uAL • 

. 5 k 7-9? 

• 69 J Cl J ? S 

.3. 7o97 

.31C417 

.7.5555 

.735055 

6.553 

712 

6 

CAl. 

.09*196 

• w 3 w £o *• 

.3**395 

• J9e24 1 

• 9*bo5c 

. 9db6 :o 

9.o 72 

712 

136 

cal . 

• Olo 72- 

• . 0 J w J 9 

.01 1 725 

. J17*.d2 

•9>w7bC 

.95 «700 

15. *69 

712 

Ft SUM * 

• * 3*o 

k 3 m Cp 

TIMi * 

lo. 5d* 


- 01 iC 

-2 2ND 

RCS x=i?32 


71 J 

71* 

CAl. 

. 0 0 So 1 4 . k 63cl 9 

. 30 Jbl 4 

.303619 

1 1 C Wl Kb l • W^CbJll 

• 2*1 

713 

7? 1 

.At • 

• bbllbw • *.311 ci* 

.OJllou 

.001166 

1 • b C W 9 i C 1 • * C b J i3 

• 612 
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liAfc C;/.:0/75 I X He. ls.4t.lU. 

NddeL - RIO STeP * i 
FORM FACTOR calculation link. 


THERMAL R AOI ATI ON ANALYSIS SVSTc.11 (TRASVSI CJC65 10 / SCOPt 3.4 
KCS ANALYSIS 4/9/75 


(• INU IcA Tt S Nolle PAIR HAS BEEN SUdOlVICECI 
(R I NO ICA ILS FF CALCULATcO FROM J TO I) 


PAot . It 


NOdc i 

NOD. J 

CUMPUTAT ION 

Ftd.J) 
N/ CHAO 

FT IJ.IT 
M/SHAD 

FA 1 I. Jl 
W/SHAO 

f u.ji 

MO/SHAO 

SHAd. fc 
FACTOR 

SHAC. A 
FACTOR 

CP TINE 

•sect 

713 

7>0 

CAL . 

.C 0103* 

.4*1 0. S 

•0310G* 

.331334 

1.4lC*Cu 

1.C03C30 

.895 

713 

7**5 

cal. 

. OGU-l 

.0310*1 

.00 1*C1 

• 0G1 3*1 

1 . J * * 4 * G 

1*0*433 

1 .20 h 

7t 1 

7 ? 7 

CAl. 

. c 0 C604 

. 4 C C 04 4 

• 03 3ou* 

. 0 C C o 0 4 

1.034068 

1 . C J C 433 

1.508 

710 

703 

CAl. 

.401370 

.G 01370 

.03 1073 

. CO 1473 

1.04**33 

1.00*030 

1 . 771 

71 J 

7 1? 

CAL. 

. C j 145o 

. C C 1 *•- 8 

* Jl 1453 

. L.'icid 

I.OCOCJj 

1 .00 CO 3 0 

2.378 

71 J 

71* 

cal. 

. 6 3 13>0 

.101053 

.0*1053 

. 161191 

1.330303 

1.033330 

2 .sOtt 

ru 

31 

CAl • 

.02119? 

• C Q 1 *S4 

.321 147 

• 02r 47 7 

. ttl It 8 * 

• A 1 1643 

6.322 

ns 

32 

cAl . 

. « ) 7u5o 

.cj :?*2 

* j] 7ov 4» 

.3*7 1>L 

1.4*33*4 

i.wJ.LuO 

o.5i2 

/Li 

0 3 

CAL. 

.4*9*89 

.* 30437 

• 0*S j 84 

.os9:«9 

1*3. *30* 

1**3*433 

7.456 

71 J 

3* 

UAL . 

• C 12X67 

.400262 

.0121o7 

.012167 

1. 03030C 

1.30C333 

7.84 0 

710 

?5 

CAL. 

.u*J133 

.0 33333 

.0*3030 

.830032 

1.3*044* 

1.003030 

8.333 

710 

? 7 

cal . 

. 06640* 

. G CCSl * 

.03 0334 

. 0*1176 

. 7ott27tt 

. 7ot?78 

8 . o2 4 

710 

303 

CAL. 

• 0 J oO 7 1 

. * 4 * C 1 4 

. C2 6 3 7 J 

. *2oC70 

1.443*4* 

1.030* • 3 

9.352 

710 

ijl 

cal . 

. 0 0 0127 

. C * 0 lo 4 

.000127 

.023027 

1.440*4* 

1.030333 

9.677 

710 

?? 

cAl . 

. 11*05; 

.*03134 

.112355 

.112055 

l.uOOJC* 

1 . * C C030 

12.312 

710 

1,4 

CAl . 

. JOlJil 

• Si 4 4 0 J 1 

.001*41 

• *34101 

.*42322 

•*32222 

14.655 

710 

7 Tb 

cal. 

. 0 w * 70* 

.003*01 

• 3 J J 75* 

. 080536 

.215027 

.215327 

25.212 

7 1 I 

183 

cal. 

• 0 3 be 7 j 

.c 3 3.-9 

. 33 3b7 0 

. 0 6 o 1 ?i 

. X29795 

.12*795 

27.269 

710 

Jl5 

CAL . 

. 0 i*C?l 

.000129 

.04**21 

.094021 

1.0*34(3 

1.C3CCJJ 

28.388 

710 

731 

CAl. 

. 0 103*(* 

. 4 3 JSott 

. 30 3*4 i 

.J 2204e 

1.3*300* 

1 . 0200*0 

28 . 8 ©S 

7 1 J 

732 

cal. 

.31 1*07 

•C 03*26 

. 33 1 4o 7 

.0Cl-o7 

1. 0 C * 0 3 J 

1.03(0*3 

29.162 

710 

FF SUN 

* .*157 

ROM CP 

TIME = 

23.905 


♦ OISC 

m l 2NU RCS X 

71* 

id 3 

CAl . 

. 02 ?o 2 tt 

.w ore is 

. 32 0o2 tt 

. * 20 u 2 A 

1.0300C3 

1 .030000 

1 .672 

71* 

■m 

cal. 

. elf tU 

. 4 0 0 1 . 3 

.016912 

• G lo-* 12 

1.030030 

1.4004*0 

1.924 

71* 

■05 

CAL. 

. 3 16/91 

.0 03238 

.045*93 

.*25398 

1.0**300 

1 .* 33C* 3 

-.296 

71* 

«06 

CAL . 

. LA 322-’ 

.* 03 318 

.04 3222 

. 08*222 

1.3*0333 

1.433033 

4.843 

714 

110 

CAL. 

. C 3 1 * b O 

. u Cw 31 2 

. 33 1*6 tt 

. 6 * l4o8 

1. 3. COO J 

1.C0C030 

5.474 

714 

All 

CAl • 

. 0 * *o 0 > 

. G 30*14 

.032635 

. Gu2u45 

1.0**040 

1.088300 

5.668 

71* 

2 ?? 

CAL . 

. C? 321. 

.303*58 

.0*0213 

. C571 12 

.525152 

.925192 

o • 744 

71* 

407 

CAL. 

. 0*30*1 

. 4 4 4 4* 1 

.03 0*01 

.COl.lI 

1.0*3*33 

1 .600333 

7.148 

71* 

2 

CAl. 

. 0 *573J 

.3 3 0*0 4 

.005700 

• OOott 76 

.3437c* 

• 6 137oh 

8.174 

71* 

3 

cal. 

. C 1763? 

.440017 

. 31 7o36 

• * I7o0c 

1 . 33 0*0 3 

1 .000330 

8 . t>96 

71* 

14* 

cal. 

. 0 w>555 

. 4 * C L 1 6 

. 3 . 5 5 5 5 

•4.9*78 

. 5tto 3 9. 

.586393 

8.953 

71* 

4 

CAL. 

.07 oil. 

. L CO 21 5 

. 07dS1 * 

.08021c 

. S> 848C 

.95(883 

9.916 

71* 

016 

CA l . 

.4112s: 

. u 30 33 6 

.*11293 

. * 11964 

. 9*0o?2 

.9-2652 

15.7*4 

i 1 * 

FF SUN 

* .Till 

ROM CP 

TIHt » 

16.057 


- 01SC 

- 1 JHd RCS 

71 j 

7?1 

cal . 

. 0 3 07s 1 

.3 00791 

.03 0791 

. * 0C 79 1 

1.0*033* 

1.G0CC3* 

• 288 

/»» 

7*0 

cal . 

. U 0 1 1 3 > 

. C 3 ! 1 35 

•331135 

. C 01105 

i.:;**cc 

1.000300 

.599 

/IS 

7? 5 

CAL. 

• 0*122 < 

.531223 

. QJ 1220 

.301222 

1 . *4**44 

1 .3 333*3 

• 890 

7l» 

72 7 

CAL. 

. 0 * ai*: 

• C 0 3 8*5 

.00 3055 

.CC0«>5 

1. 4 L 3 * 3 * 

1. 403**0 

1 .lo 6 


A-48 



0 A Tc. .55/20/75 TIMl lo.J3.4l. 

HUD~L * RIO STEP * 1 
FURM FACTuR CALCULATION LINK. 


THEfMmL RADIATION ANALYSIS SYSTEM (TRASYSI CJCooiO /SCOPE' 3.* 
RCS ANALYSIS A/9/75 



(• INOICATES NODE PAIR FAS 0 l EN SUOOIVICEO) 
CR IFC1CATES FF CALCULATED FKOM J TO I) 


NODt I 

NODE J 

COMPUTATION 

FEt I, J» 

FclJ.I) 

FAl I,j» 

F U,JI 

ShrtU. £ 

SHAC. A 

CP T IN£ 




N/ SHAD 

W/SHAO 

M/ SHAD 

HO/ShAC 

FACTOR 

FACTOR 

(SEC) 

^ 715 

7 30 

CAL. 

.5.1297 

.001297 

.031297 

.0x1297 

1. CxOxCx 

1.50CCO0 

1.422 

715 

7 32 

CAL. 

. 0 3159a 

.001599 

.03 1691 

.301599 

l.Obbbax 

1 < C 3 05 5 0 

1.75 7 

715 

7 (4 

CAL . 

.051715 

.501715 

.00 1715 

.001716 

1. 0 bx5 0 G 

1 .b3500G 

2.039 

715 

767 

CAL. 

• CO 0112 

. C C 0 0 j c 

.500112 

•055356 

•3u73l7 

.367.17 

3.661 

715 

31 

cal. 

. . 1 6443 

.0 31122 

. 01 0443 

.021x65 

.76247$ 

.7625 / 5 

5.:*25 

7la 

32 

CAL . 

. 51213b 

. - <.8 3a 3 

. 01 2l3o 

. 512136 

1.1*550x3 

1 .00 3CC3 

6 • 52 4 

71s 

33 

CAL. 

. b 0 . 3 3 > 

. t 5 1 22 3 

. Jo 0 o 33 

. CcC.«33 

l.bxxxxC 

1.CGC553 

7.542 

715 

1 A 

CAL. 

.21971 J 

• L 03426 

.019799 

.019799 

l.CGCJub 

l.xOCCCO 

7.399 

7 It 

23 

cal . 

• 0 3 O 4 j~i 

. 0 0 1459 

• 5J 0459 

. 3 x C -• x 9 

l.xbbJOx 

l.wOCbJO 

7.04 3 

715 

27 

CAL . 

. 053447 

.C 334*7 

.03 3447 

.00344 7 

1. xCGOOx 

1.GJ5C3U 

0.164 

715 

i 3 3 

CAL. 

. 02 24 3 5 

• b 03 1 j 5 

. j2249C 

. 5 22 4 9 u 

1. OljuCx 

l.oac.Qj 

0.942 

715 

3 J 1 

CAL. 

• 5 1 0 3 4 / 

. C 0 3 179 

.5 TOo4 7 

.336947 

l.GkCXk. 

l.xk.kXb 

9.175 

713 

22 

CAl . 

. 15 )55o 

.'5 50130 

•896*66 

.116x77 

• 94 3 a 2 7 

.542927 

11.391 

71 j 

15 J 

CAl . 

. C 0 01 64 

. 5 J C w 5 3 

• 0 J 5164 

.CC 2x76 

.403735 

.063739 

13.541 

7 Is 

151 

CAL . 

• 00 060 3 

. - 30 C5 1 

. bx Cob a 

.QC133h 

. 452 1 43 

.452143 

13. J3 5 

71 j 

7 9o 

CAl. 

. u 5 5 321 

. w 3 J 4a C 

.055321 

. 5 u3 5 . a 

. 1 . 0 62 e 

. 1 J 6o?0 

23.719 

7 is 

13 0 

CAL . 

. 009153 

.0 06 5k 9 

. j J 9159 

. 06 3616 

. ls4lod 

.1441 ?8 

25.637 

7 15 

135 

CAL. 

•81*363 

. b G J 13 0 

. 099. 6 3 

• 9 99. 0 3 

l.OOObGb 

1 . 03 xxx 0 

2 0 .632 

715 

731 

CAw. 

.34 I 4 91 

. w 0 C 73 3 

. 0 4 1 4 9 3 

.341-99 

1 . Gx 50 u C 

l.xCCOJO 

2 7.34 7 

7 It 

7 32 

CAl. 

. 401143 

.u CJC20 

.031149 

.051149 

l.bbxjOx 

1.C0CC30 

27. o55 

7l» 

FF SUN 

= .4<*12 

RON CP 

TIME = 

29 .411 


» DISC 

-i 3RD RCS X*1545 

list 

m 

CAl . 

. 02 5511 

. 5 0 a u 49 

. 02 5s 1 1 

.025511 

1. SxO a 03 

1 .COCO J5 

1.360 

720 

m 

CAL . 

. 0 51257 

. c a 0 wO 7 

.0a 1257 

.0517x7 

1.5C550. 

l.xOObJO 

1 .526 

72- 

» 

CAL . 

. -i?277 

.5 05 0x9 

.012277 

.313255 

.926102 

.92x102 

6.319 

720 

•3 

CAL. 

. 027142 

.a 03 02o 

• 02 7942 

• 02 7.942 

1. 0 c b . 0 5 

1. 000.53 

6.491 

720 

144 

CAL . 

. 05u773 

. 5 CCG32 

.050773 

. X 3 1 X b 1 

.773327 

.773027 

0 • 67o 

72 J 

4 

cal. 

. u J3231 

.1 03023 

. 00 829 1 

. C29291 

1. 03030. 

1. JOC-uO 

6.095 

723 

/» 5 

CAL. 

.030129 

.030500 

. 9c . 1 29 

• -C5fc 92 

.196119 

.186119 

11.493 

720 

FF SUH 

» .0776 

ROM CP 

TINE = 

13 • 74 J 


- DISC 

♦ V 1ST KCS X = 1516 


PAGE , 20 




> 

I 

•P* 

vO 


721 

730 

CAL. 

. 001965 

.50 1 9oG 

• 05 1960 

. 50196C 

l«JuOjuC 

1.C0CCG0 

.621 

721 

732 

cal . 

. 05 lol9 

• x C lol 9 

.55 1 c 1 9 

•351619 

1 • J L J x a C 

I.xOOlJO 

.94 0 

72* 

7 34 

CAL. 

. 0 C 3 9 9 0 

• x 3 0 9*0 

• 50 a 996 

.0C5O96 

isCuGOtw 

l.uoccoo 

1.265 

721 

7x1 

CA L . 

.GO xJ 37 

. 0 5 C 05 7 

. 0 J 0 5 0 7 

. u CO . 5 7 

1* 0 wO uCu 

1.505000 

1.641 

721 

9 31 

CAL . 

.0x1157 

. C 5 C uG 7 

.00 1157 

.053452 

• 

.33:359 

1.095 

721 

31 

CAL 

. 174921 

.t 11525 

.17,921 

.179,72 

• 9 

.979540 

5.734 

721 

32 

CAL. 

. 3.l93x 

• C a C 05 0 

.35 19 3a 

• OCln 3 5 

1« l)la JliW 

t.CJCC-0 

6.232 

721 

3 3 

CAl . 

.177527 

.5-35x0 

.1 77.27 

.1 77.27 

l.xxXxOx 

1.593500 

7.093 

721 

34 

cal. 

• u • j*/*’* 

. - ux 57o 

.03 3xh4 

.3-3 44 

1 • 0 w C • d 4 

1. .05x35 

0.299 

72 1 

26 

C A c . 

. 0 JJ191 

. C 5 - 1'; 1 

. Ox al9 1 

. * X X 1 9 1 

1* L J C 0 U C 

1 • b U b 5 3 0 

0. 791 

72i 

130 

bAl. 

• 0 3 *•-> 3 v 

.0 50 - 0 3 

• Ci4S 9s 

.634: 56 

l*V*cjyC«f 

1.0GC520 

9 • t>3 3 



jAft. us/ae/Ti ti Mt io.02.as 


TMEhMAL RADIATION ANALYSIS SYSTEM (TRASVSI C0C6 50 0 ✓ SCOPE 3.4 


PAGt 


21 


MUOtL * PIO STEP * l KCS ANALYSIS 4/9/75 

FORM FACTOR CALCULATION link. 


(• INDICATES NODE PAIN HAS etcN ^UdOlVIOEC) 
(R INDICATES FF CALCULATtO FROM J TO II 


NODE i 

NUDE J 

COMPUTATION 

Fell, J> 
M/SHAd 

Ft 1 J.II 
M/SHAO 

FA( I, Jl 
M/ SMAO 

F 11. J) 
MO/SHAO 

SHaO. E 
FACTOR 

SHAC. A 
FAClOfi 

CP TIME 
ISECI 

72 1 

*31 

CAL. 

.649397 

•664239 

.04939 7 

.049197 

1. xCGGOx 

1.030030 

10 .179 

72 1 

• 35 

CAL. 

.01913-5 

. t 00 159 

. ul 9336 

.021671 

.*92275 

.*922/9 

10.671 

7 21 

A 36 

CAl. 

. 6 3 *» 3 3 2 

• 0 0 3165 

. lit. 32 

.034032 

1. GlxGOx 

i .oaccco 

10 .947 

721 

*10 

CAL. 

. J 119i* 

. t QCG9A 

.011*99 

. 011*99 

1.JC0J0C 

1.000009 

11.572 

721 

111 

CAL. 

. 021345 

. C 3 £ 1 j 3 

.021365 

.021245 

l.xOOXXx 

1 . l 0 OC 0 3 

11 .926 

721 

222 

CAL. 

. C £9222 

. j 3 6 61 0 

• too 9222 

• 0 122x 0 

.752207 

.752207 

12.638 

721 

22 

cal . 

. J M.3,8 

.OOCC3* 

.03 6 :4 3 

. 130122 

• 1 L 9 to L 2 

.129533 

13.017 

721 

1» 

CAL. 

. oooc o* 

. j 3 Q 6 j fl 

. 0 3 0 0 0 o 

. 0 C OL C 8 

I.OlOOOC 

1. G0C0C0 

13.577 

72 1 

4 

CAl. 

• A 37239 

.0x0x20 

.CO 723 9 

. J0037S 

. *70963 

.*70923 

16. 036 

721 

id J 

cal. 

. 0 3oo42 

. x 3 C CO 7 

. 0 3 bC-. 2 

. 0 73x6 7 

.043994 

.393994 

28.977 

721 

3*5 

CAL. 

.03-.392 

. 0 OJ £75 

• 05 4 *92 

.05**94 

. Oto U 0 C 6 

•550x04 

29.0*4 

721 

731 

CAl . 

. 625347 

.6 CC-.il 

.02 v3h7 

.029547 

l.OCOOCC 

1. to 0 £6 0 9 

30.652 

721 

732 

CAL . 

. 0.2ii75 

. l 0 6 03 7 

.00207* 

.3 C2. 7* 

1. OxGOxx 

1.SCCCJ0 

30 • 9*5 

721 

FF SIM 

- .6(132 

ROM CP 

TIME * 

31 . 70 5 


♦ DISC 

♦ Y 1ST RCS X = l5l 6 


7 2 2 

49 0 

CAL . 

.C23297 

. 0 0 C 0— 4 

.02.529 7 

.023297 

l.C.xxOO 

I.OGluOO 

1.225 

722 

431 

CAL. 

. 4 Cl*. 77 

«x 3 C ,b 6 

.001.77 

.001. 77 

1 . C 0 x 0 0 0 

1 .to 0 003 d 

1.384 

722 

771 

CAl . 

. G 0 CO 0 > 

. . CG 3l 0 

.0x0.05 

.300321 

.227.57 

•227C57 

2.062 

722 

773 

CAL . 

. 03 03 34 

. l 0 C £0 0 

.000x34 

. 0CC052 

. 039*45 

.635*45 

2.44 9 

7 22 

25 

cal. 

• 0 0 to 3 C 2 

. x 0 C 06 2 

• CO l w 0 2 

• u 0 OC 0 2 

l.LGJxbO 

1.G0C0J0 

3. 778 

722 

2 

CAL. 

.01 1651 

*x 0 0 *.3 * 

.011x51 

.011*51 

•9*31oc 

.9d 31o8 

o . 0 5 6 

722 

J 

CAL. 

.32-9*7 

• 0 to J 024 

.024987 

. C i 49a 7 

1. to L X 3 X X 

1.600000 

6.511 

722 

144 

cal. 

. 0 k X * 4 A 

.£ 30003 

• tod 0*4 * 

. GLl *48 

1. to L X 0 x to 

1 .000x00 

6.734 

722 

4 

xA L . 

. to 0 75 1 1» 

• 0 GO C2 1 

.00751o 

. 0 C 7to 1 6 

i.uxOQGu 

1.000x00 

6 .946 

7 22 

7*5 

CAL . 

. 00 0597 

.0CC001 

.630 >9 7 

. u xGxO 5 

. 98x404 

.9* (9 C*7 

11.746 

722 

7*7 

CAL. 

. u J GO 1 > 

.*00 XL 0 

.03 x w 1 5 

. 0 L XX 4 8 

.313525 

.313525 

12.219 

7 22 

FF SUM * 

.0715 

ROM CP 

TIME « 

ii .999 


- DISC 

♦ Y 2ND 

RCS X *1529 


723 

7 JO 

CAL. 

. 00 iol* 

.00161* 

.001x18 

.001618 

1/OtojJOu 

1.000000 

. 496 

723 

7 32 

CAl . 

. 60 I960 

• C 3 1 9x0 

• Ox 196 0 

. 0xl9c0 

1 • 0 c J J u £> 

1 .00x000 

.799 

723 

7 3- 

CAl. 

.001619 

.031619 

.0. loll 

.031(19 

1 • c iuCui] 

l.QOOCQd 

1.113 

723 

931 

CAL. 

. 00 295- 

.000017 

.33 2954 

.002954 

1 • Ul t U uG 

1.00C000 

1 .70 5 

723 

31 

CAl. 

.07113* 

•t 04851 

.07110 A 

. J76C5C 


.93:016 

4.632 

723 

32 

CAl. 

. OJ 533: 

.0031x8 

.305333 

.305030 

I.CjCiCww 

1.O00000 

5.139 

72* 

33 

cal. 

. 120c22 

. x 32 42 6 

.120L22 

.12.622 

1 . 1 w UJ C C 

l.OOOCOO 

o.lo4 

72 J 

34 

CAl . 

• 0 1 x x * . 

.003217 

.01 C u * 3 

. Jicca j 

1. God JO J 

1.00 £000 

o.527 

723 

26 

cal . 

• 0 0 0-17 

•L to 041 7 

• 00 0-1 7 

. to Cx— 1 7 

laCCbubG 

1 .oocooo 

7.007 

723 

*00 

CAL . 

. C 12954 

. L x x 27 1 

. x 3 2954 

.0324x4 

1« OwuCtw 

1 .xxOCOO 

7. *36 

723 

*01 

CAL . 

» G 5-o 2* 

■ x C0 2o- 

•054628 

.054x22 

1/CooxtoC 

l.xOJOGO 

8.377 

723 

19 5 

CAL. 

.022.81 

.C 0(1*1 

.022,83 

. - c 2 1. * 3 

1 • 0 o C w C C 

1 . 0 C Cx 30 

*.*7a 

723 

*0o 

xA L . 

. 6 4 j 9X4 

.COO 19* 

. x- C96- 

• 040 9o 4 

1* vxG ooi 

l.xxCGxO 

9.142 

723 

*13 

CAl. 

.011693 

. C C G x 96 

.011x93 

.011x93 

1 • GCG^iiu 

1.000030 

9.765 


A- 50 


0 A Tl **/2*/7 5 TlNc is. 53.1.1 


THcSMAL KADI ATI ON AMLTSIS STST£H (TRASVSI COC65CO /SCOPE 3.4 


HOOtL * RIO STEP » 1 RCS A Ml Y SI S 4/9/75 

form factor CALCULATION LI9K. 


(* indicates nooe pair has etEN /jdOiviCEOi 
(R INDICATES FF CAlCULATcO froh J TO I) 


node I 

NODE J 

CONFUTATION 

FEC I, J> 

Fc (J.II 

FA 1 ! . J 1 

F (I.JI 

SHAD, t 

SHAD. A 

CP TINE 





W/SHAD 

M/SHAO 

M7 SHA J 

WO/SnAC 

factor 

FACTOR 

(SEC) 


723 

411 

CAL. 

. 32173. 

.C3C1C5 

.321730 

. 02262, 

. 9b0,6* 

.963460 

15.053 


fij 

222 

cal . 

• 02 **3 co 

.053*27 

. 02 ,36o 

. Cc ,*CO 

1. 3*0330 

1.504CG0 

10.739 


723 

22 

CAL . 

• 05965 1 

.3001*3 

.45 9u51 

. 065,32 

.912359 

.912*59 

11.592 


723 

.07 

CAl . 

.003.04 

.35CG04 

. 0 * 4 0 C 4 

.003:08 

1.4*33*0 

1 .3JC«00 

11 .914 

ft *. 

Hi 

15 

i» A L . 

. 5 50**8 

. ; o c cc 4 

.3**504 

.330**4 

1. C 3*0 0* 

1.0500*0 

12.143 


723 

1.3 

CAL . 

. * *3341 

. 0 0 C 0. 0 

• 43 * 34 1 

. * 0 * - 7 o 

. 6b 1 , Co 

• co 14 58 

1,.181 


723 

1.4 

CAl. 

. C C 22 c -» 

• l 0*30 7 

.03226, 

.002264 

1. 0*35*3 

1.5CCC*0 

14 .,43 

of B 

723 

. 

cal. 

. C3o72o 

• L 33 Cl 9 

*C5o72o 

.4*77,1 

.0*41/4 

.4669*8 

1, 1 40 5 


7li 

J*6 

CAl. 

.32 3,31 

*03301 3 

.523431 

.427/91 

• 043123 

.4,1120 

25.398 


lli 

3 4J 

cal. 

. C * 6u'5 , 

• C 30*5 7 

. ojt*:. 

. 364,44 

.1*4*44 

.10458, 

27.000 

JO ^ 

Hi 

345 

cAl. 

.047915 

.*3*135 

.39711 3 

. C97 jI I 

1.3*0030 

1 . *03530 

27.454 


72 3 

7C1 

lAl . 

• 029/51 

.400525 

•32/651 

.029351 

1.3C0C00 

1.50*500 

24.570 


723 

702 

CAl. 

. 3*17 34 

.403231 

.331734 

. 0*1738 

1. 0*0.54 

1.00*51* 

24.918 


723 

FF SUM 

3 .0*112 

ROM CP 

TIKE * 

29.621 


♦ case 

♦Y 2ND RCS X=1529. 


724 

33 3 

CAL. 

.32llo*l 

. 0 0 C 5, 0 

. 3211o9 

.0211o9 

1 « U ** * * G 

1 .*5 55*3 

1.090 


72*. 

m 

CAL* 

. C *3517 

. * 0 3 ** 5 

• 3* 5 il 7 

.00*917 

1.3*340* 

1 .0050*5 

1.224 


72, 

771 

CAL. 

. * 3 3 3 1 •» 

.*00330 

. 3* 5 0 1 u 

. 33C.24 

• 79,0,1 

.794*41 

1.985 


7 2, 

773 

CAC. 

.*3**48 

.*403*0 

.330348 

. CC*- ,9 

.975837 

.975837 

2.441 


72. 

25 

cal . 

. * * G j 1 3 

.03001 3 

. 3<i 0 u 1 3 

•94(01 S 

1.03C50* 

1.530000 

3. 703 


72. 

2 

CAL. 

. 0 1 3,3, 

.*000*7 

.31 343, 

. 0 1*0 1 c 

.942433 

.942833 

5.903 


/2>» 

3 

CAl . 

. 322,2.’ 

.300021 

.322422 

.322,22 

1.03*«0C 

1.03*3*3 

6.422 


72. 

1.4 

CAL. 

.03572. 

. 5 C 0 Cu 2 

.0*572 4 

. CC0720 

1. 0**45* 

1 .*45*00 

6 «65o 


72, 

4 

CAL. 

• 0 3672* 

. C C 5 *1 9 

•J Jo723 

. * 067 2 * 

1. 0*304* 

1. *05000 

6 . 464 


72. 

7 45 

CAl. 

• *00/32 

.503001 

. 43 3 /32 

. 0 .11 - 32 

1. 3*33*0 

1.503550 

11 . 701 


72. 

747 

CAL. 

.****,, 

.333 33 3 

• 30 0344 

. 0 3 3 * , 5 

.975470 

.975870 

12. ,39 


72. 

FF SUH 

— .3 o4> 

ROM CP 

TlHc * 

14.255 


- U1SC 

♦V 3RD RCS X:1S4S. 


72/ 

730 

CAL . 

.3J399o 

.030996 

• 30 *99o 

. * 33 196 

x . 3***0* 

1.003300 

.375 


72/ 

7 32 

CAL. 

. 3 01ol4 

.3 * 1 D 1 0 

. 0* lulO 

. Q C 16 1 0 

l.u*G30* 

1. *05300 

. o90 


72i 

734 

cal. 

.031 16* 

.* 3 1 *> 0 

• 3* 1 96 C 

• 0C 19b* 

1. *30*00 

1.C0C5Q9 

.969 


725 

101 

CAL . 

. C * 2 * 1 3 

.33(015 

.332-13 

.4:2' 13 

1.0C3000 

l.*0C*30 

1.597 


725 

31 

CAL . 

. 0£*35 94 

. C 31 7*b 

.02/599 

.031221 

. 41 1939 

.419909 

4.291 


72s 

32 

CAL . 

. C 3 7-302 

.*302,2 

. *C 7 cc 2 

. :;7r o2 

1.3*03*5 

1.00**30 

4.759 


72> 

33 

CAL. 

. 364,92 

.3 C 1 477 

• Oo o,92 

. j to-92 

1.0*w5w* 

1**00*00 

5.90 4 


72s 

34 

cal. 

.313443 

. * * 0 2 9 9 

.313483 

.314043 

1.535**5 

1.055/54 

6.246 


72/ 

26 

CAl . 

. 0 5 013/ 

.*33935 

.330935 

.000 i 25 

lliiwUUwO 

1.005/00 

O.750 


725 

303 

CAl. 

.3 33274 

. * 3 * 2, 9 

« * / *2 7 8 

.03*770 

1* 0 W J w W 0 

1 .*050*3 

7.53, 


725 

4 31 

cal. 

. 5 5 Co 9 . 

. * C* 2*4 

. 0s 4o9 0 

. J/Oi.9 * 

UjciiKd 

1 . 5OCC0 0 

4.506 


725 

405 

CAl. 

.051533 

.0 30177 

.32 1/34 

.421644 

1* y ci oC * 

1.05**50 

8 . 46 8 


72/ 

4 3o 

CAl . 

.3,4375 

.* 2C242 

. 3, 4 * 7 * 

. CAM . 70 

i • Cbw R 4« 

1./5CCC0 

8.73, 


725 

410 

cal. 

. * 1.1,* 

.c cc**e 

.QIC 1,3 

.*11210 


• 16 8*35 

9. 3? 8 






A-51 


DATE 0 * 720*75 TI Mt 


P A(i£ 


L7.uT.52. 


THERMAL RAUIATION ANALYSIS SYSTtM (TRASYS) C0C6 50 0 /SCOPE 3. A 


MOUlL = RIO STEP = 1 
FORM FACTOR CALCULATION LINK. 


RCS ANALYSIS 4/9/7* 


* 23 


( ’ INDICATES NO Os. PAIR HAS 3c.cN SUOU I Y I OF C t 
( R INDICATES FF CALCULATtD FROM J TO I) 


NOUc l 

NUOc J 

COMPUT AT 10 4 

FEI I, J) 
M/SHAD 

FL U, I) 
W/SMAD 

FAI I. J) 
M/SHAJ 

F CI.JJ 
WO/SHAO 

SHAU. E 
FACTOR 

SHAC. A 
FACTOR 

CP TINE 
(SEC) 

72 -j 

411 

CA L • 

. 0 2 5r» 34 

. Q Co 11 . 

• 82 363 9 

. 0 23*. 34 

1. 0 u C . . 0 

1.030900 

9.65 8 

72i 

222 

CAL. 

. 3J55lo 

• C 30 C 34 

• 035516 

. 035516 

1. 033 uGw 

1.C03600 

10 .267 

72* 

22 

CAL. 

• »7 7ol4 

• j C 3 13c 

. 07 7ol 4 

. 04546 1 

.442957 

.902957 

11.075 

72* 

.97 

CAl. 

. C 3 0 J 3 1 j 

• C00CC6 

• tie OOOo 

.000006 

1. 33 4. C J C C 

1.0U0S3 

11.390 

72 j 

15 

CAL. 

.09 09 93 

.. JutOtt 

. 03 C 0 u 6 

. J 0 0 -w C 4 

l.OuuwOk. 

1 .CCC330 

11.614 

72* 

153 

CAl. 

. 003333 

.0 00 •*• 6 

.GJ0635 

*03 CO 0 9 

. b>** 465 

.654469 

13.641 

72 j 

144 

CAL. 

•131421 

. t> 0 0 09 6 

.03 1321 

.001321 

1. CoOOuo 

1.33CC03 

13.958 

725 

4 

CAL. 

. 0 Ooi 61 

.COCCI 7 

• 00 o 161 

. CC7l 3 c 

• 46 70 c 1 

.46 #021 

1 . . 3o5 

725 

506 

CAl. 

. 02 j:h 

. o 0 0 0 1 1 

. 02 0k. 1 4 

. 022o43 

• 30211 c 

.642112 

2 5.211 

72-» 

5*0 

CAL. 

. Cubit 3 

■ C 00 9u 7 

*03 ovli 

. 05o744 

.U.o64 

.114669 

2 o • 666 

72a 

335 

CAL. 

•595371 

. j 3 C 131 

.035C71 

.345071 

1. C l u . 9 C 

1 . . J lu J 0 

27. 564 

72* 

7 J 1 

CAL. 

« 0 .>023. 

.130537 

. 33 0l30 

.U3C243 

I.llJOw 

1.009000 

26.271 

72 * 

7J2 

CAL. 

. J . 1 5 . 7 

•C AO 024 

.0) 1347 

.001747 

1. 3.3003 

1 .GO 0.00 

28.557 

7 25 

FF SUN 

* . O 3 24 

<UN CP 

time * 

24.274 


♦ 01SC 

♦Y 3RO RCS x=1545. 


72 o 

)3U 

CAL. 

.019161 

..GO Ii3 

o 

.319101 

. C19161 

1.0.03.G 

1 

.000003 

.916 

72o 

ill 

cal . 

.039779 

. G C 0 i. j 

5 

.333774 

.(08779 

L.3.0CQ0 

1 

• C 0 300 0 

1.108 

72u 

771 

CAl. 

• C j 0 3 1 J 

.cOCCC 

0 

. 03 0.19 

.393.14 

1. 0.0.0. 

1 

.300000 

1 .91 5 

7 2 o 

773 

cal. 

• 33 u J .5 

.C0CC-. 

0 

.03 .. . 5 

. CCOu 45 

1.0C0 .CO 

1 

.GJCCOO 

2.376 

72 o 

25 

CAL . 

. 0 9 3 ■* 1-* 

.00341 

4 

.330.14 

. CCJ.14 

l.G.J.OG 

1 

.coocco 

3.641 

72o 

2 

cal. 

. 0.9462 

• . 0 C Cu 

7 

• 09 9362 

•8(9529 

. 462449 


.962469 

5.907 

72o 

3 

cal. 

. 02012o 

.430 01 

9 

• 323l2o 

.020126 

1. 0000.3 

1 

.COCCCO 

6.358 

7 2o 

l.. 

CAl . 

. 0 jCoIJ 

.. 33 CC 

2 

• 09 9ol 3 

. OCOol 3 

1.3. 003. 

1 

.900.90 

6.5o5 

72o 

4 

CAL. 

• u 354 37 

.C90C1 

7 

.335437 

• 00 54 3 7 

1. CCO.Gw 

1 

.00C030 

6.754 

7 2o 

74 5 

CAL . 

. 0 3G.c4 

.00CC3 

1 

. 00 O4o J 

. 0 Cu-»o9 

1.0.3330 

1 

. G 0 C. 0 0 

11 .740 

72o 

747 

CAL . 

. 0 33942 

. c 0 3 33 

0 

.90 00*2 

• AC8C **2 

. 995.2 0 


.99*420 

12.495 

/ 2o 

FF SUN * 

• 3 j j 

ROM CP 

TINE « 


14.527 


- 01SC 


♦ Y hTH 

RCS X*1555. 


727 

73 0 

cal. 

. 0 00' 39 

.000539 

. 02 3539 

.0005 *4 

i* UWuUCO 

l.wOCu.9 

.273 

721 

712 

CAl. 

. 0 C 9 1 4a 

.900496 

.90 094u 

•000946 

1 . C t J J 0 u 

1.00C000 

.608 

727 

73. 

CAl. 

. CllolH 

.001618 

.00 lulO 

. 001618 

1 • u CO J 0 0 

1.300000 

.896 

727 

43 1 

CAl . 

. GJ2131 

• C 00 01 3 

.002131 

• C .21 31 

1 • uuowwb 

1.C00C00 

1.515 

127 

31 

CAL . 

.311501 

.300765 

.01 1^01 

• 0 14.94 

• 7 5 il o 7 j 

.762670 

4.260 

727 

i? 

CAL. 

. 0 J io'Tu 

. 0 0 027 5 

• 09 06)6 

. 006o4t 

1 • y Cu 0 j y 

1.00.030 

4.731 

727 

35 

cal. 

• 0 4 3.96 

« . 0 C 4 1 4 

.040.96 

. 34*496 

ltltCjOuw 

1.30C330 

5.283 

727 

34 

cal . 

• 0 144 3a 

.003522 

.01 493o 

.014456 

1 .OuOOofl 

l.bObOOU 

5.681 

121 

26 

CAL. 

.0.1792 

.01792 

.30 1792 

.001742 

1 • CIO uti l 

1 .C93bu0 

6.165 

727 

430 

CAL . 

• .2 67ol 

. b 0 C220 

. 32o7ul 

• L2t,7 a 1 

1 • (jWGoCb 

l.buOCOO 

o.451 

727 

431 

C A L . 

. 3 o 3 4 6 . 

•2C8295 

. . 0 b jo b 

• 06. 9o0 

I • Cw Jc l) u 

1.03C033 

7. >59 

72/ 

635 

CAL. 

.320:34 

• . 33 loS 

.32C.54 

.320.34 

IiO.JouJ 

1 .30.9.0 

7. 448 

727 

jOo 

CAL . 

. 05 4. c4 

• 9 33261 

• 054.6 4 

. 0 5.-.o9 

1 * UUWJbO 

1 . 90CC3 J 

4.262 

727 

(13 

CAL . 

.013723 

.000048 

.013720 

. 010723 

1 • C CwOl)l 

1.03.333 

8.467 
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UATc. b = /2 0/ 75 TlM t 17.12.0**. THcRMAL RAOI AT ION ANALYSIS SYSTEM (TRASVS) CuCbSGC/SCOPE 3.6 PAGE * 2*. 

HO JcL * »IO STEP * 1 RCS ANALYSIS 6/9/75 

FORM factor calculation link. 


(• INO ICA 1£ S NODE PAIR FAS e£cN SU9CIVI0c0» 
(R I MICA Tt S FF CALCULATED FROM J TO I» 


NOOJ I 

NOO£ J 

COMPUTAT 10J 

Ftl I, J> 

Ftlj.II 

FAll.JI 

F CI.JI 

SHAO. E 

SHAC. A 

CP TIME 




N/SHAO 

M/iHAO 

M/SHAO 

MO/SHAC 

FACTOR 

FACTOR 

(SECT 

727 

dll 

CAL. 

. 02007 

.: 00118 

.-26307 

. - 2 bib 7 

1. b 036 G . 

1.600000 

9.223 

727 

222 

CAL. 

.0-.5020 

• 0 J 0 . — *J 

. 0— 5 0 3 . 

.365:30 

l.ObOOOO 

1.C00JC0 

9.963 

72/ 

22 

CAL. 

.31587 7 

.C001-9 

.045677 

•uSc-67 

.490605 

. 99 Cb 35 

19.857 

72/ 

07 

CAL. 

• 00333= 

.0 w 0 00 5 

.39 OC 0 5 

.026.05 

1.0060b. 

1 *b06060 

11.181 

727 

15 

CAL. 

.CO. 007 

•wocoar 

. 0 . b . b 7 

.033:07 

1. ObO.CC 

1.03C300 

11.626 

72/ 

l**i 

C A L . 

.C00291 

. . 0 C 6. 0 

.300293 

. OCO-il 

. 6b 4 — 46 

.6-46 86 

13.559 

727 

l**-* 

cal. 

. 0 0 1 v 3 v 

. 0 C 0 0. 5 

. 00 lo 35 

.cell Si 

l.-buCCO 

1..GCC.6 

13.436 

727 

** 

cal. 

• 0 J =i=o 

. 0 C 0 .1 6 

.0955i6 

. 006621 

• 8b532 6 

. oo: 32o 

16.231 

727 

7*1 

cal • 

. 0. jJ**5 

..3(0.0 

.00 C46 = 

. -C0571 

.079*56 

.07 t*56 

21.813 

/27 

f jb 

CAl. 

• 01 78 63 

• b COLIC 

• ul 7Ho 3 

.914676 

. 9o67 45 

• Nee 78 5 

25.210 

727 

18 3 

CAi . 

. 006173 

. C 0 0 .. 6 

.006373 

.650711 

. lt=67c 

<125o76 

2o.617 

127 

145 

CAl. 

. j * 0665 

.009125 

. 9 * .009 

. 090 = 65 

l.b.OCb. 

1 • b M b w J 3 

27.258 

727 

7 01 

cal . 

. 02 3011 

.bOObO* 

. 02 3- 13 

.023. 14 

l.O.CObb 

1. 300030 

27.597 

727 

7 02 

CAL . 

.0.0*11 

.CCCC16 

.o: 0914 

. C 0 0 1 1 8 

1 . 3 0060 0 

l.OObC.O 

28.279 

727 

FF SUN 

* .5*11 

ROM C<* 

time * 

24.994 


♦ OISC 

♦ Y 6TM RCS X*1555 


730 

7-1 

CAL . 

. 0 - C 3 . o 

*C0.b26 

.933230 

. 9 C . . .6 

lb.bOOb. 

1.C3C003 

.621 

730 

• 63 

CAl . 

.02 lo ?. 

.GGCGJ3 

.33 1626 

.02*590 

. CO 6482 

.056842 

.*19 

/il 

31 

cal . 

. b J/7 3 * 

.900531 

.40 7749 

.010.-54 

. 75*244 

.751243 

6.6 >2 

730 

32 

CAL. 

. 0 - 3 2 o -j 

. . GO 6. 4 

.03 Q2oc 

. 0 ..2 6 b 

1.4.0Gb. 

1.00(043 

*.72 6 

730 

33 

CAl. 

.332254 

.C 37b4 1 

.3322 = 3 

.332253 

1 . C'bOwub 

1 .000406 

7.616 

73 J 

36 

CAl. 

.00.20b 

.0 033C6 

.00 3236 

• OOb.’uE 

l.bGOObC 

1 .OJCOOfl 

7.olb 

73 J 

25 

cal. 

. 0 - C 3— . 

. b 3 Co-0 

.003360 

. 0 G 0 3 - 0 

l.bLOuOC 

1.G30036 

4.C59 

730 

2o 

cal. 

.000451 

. C J 0 4= 1 

. 0 b . 45 1 

. £ 0 : 8 S l 

i.LbOO.O 

1 .60C004 

4.298 

/ 3. 

433 

CAL. 

. - 1022b 

• C Jb.36 

. Gl 2220 

. Cl. 220 

1.6C0... 

1.00.033 

9.116 

730 

101 

CAl. 

.0396-6 

. C 0 C J — 6 

•3.9666 

• 3 C*b66 

l.CuO.OL 

1.00C004 

9.66 7 

73. 

465 

CAl . 

. 6 19- *7 

.400140 

.3196-= 

..19-65 

1.0.3300 

1.34C433 

9.468 

/ j; 

4 3 o 

CAL . 

.032)4: 

.GCC159 

.012*44 

. 9 J 2 f 4 . 

1.G06..6 

1 . 0 . l . J 3 

13.115 

730 

497 

CAl. 

. 002322 

.0 . 0 bl 7 

.402022 

. 0C2.22 

l..b033b 

1. .0 0.34 

1C • 329 

733 

124 

cal. 

.CG 2373 

•000C11 

.00 2373 

.002273 

1 .0.0 J JC 

1.J03C40 

13.570 

733 

410 

cal. 

.C3o76' 

. l C 0 0 >6 

. 00 o78 7 

. CC67 47 

1.6.4000 

1.003C40 

10 .920 

730 

811 

cal . 

.01117- 

■ 6 0GC57 

.31147 - 

• Jill 76 

1.0bU46b 

1.03C060 

11.305 

7 Si 

222 

CAl . 

.616431 

• l 04 31 b 

•bl -431 

.016931 

1..0..bb 

1.336C39 

12.01 E 

7 Si 

22 

CAL . 

« 3 . -- 9- 

• G 6300 8 

.00 --9- 

. 026-10 

.170141 

•17C181 

12.613 

7 Si 

15 

cal. 

.0.0394 

. - 4 0 C 3 4 

.330004 

• CO. 34 

l.ObObUb 

1. SCO. 30 

12.539 

7J3 

212 

cal. 

. 02 0124 

• 0 93b. 0 

.0. .124 

.125495 

•A. I. 19 

. C 01019 

24.838 

730 

731 

CAL . 

. 0 . 1 — 44 

. G 0 3 -2 o 

. 0. 1—44 

.001—44 

1 . OwbO 60 

1.00.300 

29.-76 

/ 3. 

702 

cal. 

. bSOSbl 

. C b£ be 1 

.00 C3b8 

.00G.6e 

1. bu3ubC 

1.000000 

29.736 

730 

FF SUN 

* .=65 3 

RON CP 

TIME * 

36 .62 7 


- OISC 

♦ Z 1ST 

RCS X«1516 

/ 31 

32 

Cm l • 

. u - 15 7* 

.04 JOO 

.021»7* 

.9.1 7* 

1.00000b 

1.C0..C3 

1.917 

731 

36 

CAl . 

. e i vooi 

..03314 

. 3 1 > t>6 J 

. 0 1 6->b9 

l.ObGOOb 

1.0..300 

2.610 


A-53 


PAbc 


29 


OA It .Ja/20/7‘j riMt 17.ld.iu. T m£RHAL KAOIA1ION AMLVSIS SYSfr.* ITRASYSI C3CO 5 3 0 / SCOPt 3.4 

MODcL * ><10 STcF * 1 KCS ANALYSIS 4/9*75 

FOnM Ir AuTOtf CALCULATION LINK. 


(• INO ICm T£ S NOOE PAI* PAS e££N SUBOIVICLC) 
(R INOICA T£S FF CALCULAItU FROM J TO I) 


NOU_ I 

M00_ J 

COMPUTATION 

F £ ( I . J) 
M/SmAU 

F£CJ,1 » 
M/SHAO 

FAtl. J> 
M/SHAO 

F (I,J> 
MU/SHAO 

SHAO. c 
FmCTOR 

SHAC. A 
FACTO* 

CP TIME 
CSEC1 

731 

343 

CAl. 

. l 15297 

• C Cool 5 

.015257 

.368325 

.224264 

• 2202 c 6 

10.441 

Ml 

585 

cal. 

• 07 130. 

• CO . b 96 

. 37 1394 

• J 62 a 3 6 

• 8oo3 1 7 

.6b t 317 

11.101 

7 SI 

701 

CAl. 

• 33 7751 

. c U b 1 3 ft 

.03 7751 

. 337751 

1.030332 l.wOGOCO 

11 .527 

t 31 

702 

CAL. 

. 030331 

.0 J3CC0 

• 0 J w 0 0 1 

. oCJCCl 

1 • J w U v W w IpCwwuJC 

11.721 

7il 

FF SUM 

* .1122 

ROM CP 

Tint * 

12.069 


♦ 131 SC 

♦ 7 

1ST kCS X = lol 6 


732 

7.9 

CAL. 

.030333 

. C 0 0 Ow 3 

. u'J 0-0 3 

• itCOCu 3 

l.dbbOCb 

l.Cocuud 

.401 

762 

303 

CAL. 

.Cl 433 j 

•C0C027 

. 31 *.60 0 

.027.24 

.521.3c 

•521436 

.936 

/ 32 

31 

CAL. 

. C 1 73u J 

•bC12l7 

.017643 

.922143 

.7oll 3. 

.781134 

4.470 

7 32 

32 

cal. 

• CO vo 8 3 

.000322 

.00 0o66 

. 0 C 06 o 6 

I.OlJOCO 

1.C0CC00 

4.709 

732 

33 

CAl. 

. 2 3 c. 3 6a 

•03uC3C 

.202866 

.202666 

l.CbO«OC 

1.0CCC00 

6.931 

7 32 

T. 

CAL. 

. 0 b 3^3. 

•CbJCl 1 

. djssjo 

. CGOEuC 

l.OuOuuw 

1 . L C b b C 0 

7.12b 

7 32 

25 

CAL. 

• 0 2o 3 4 

•uC3636 

• 00 0 6 3o 

. G C uti 3 6 

1. wlbuCC 

l.bOCuCO 

7.563 

7 62 

2b 

CAL. 

. i 3 1 * £ J 

. o Jib? a 

•0b 1.5# 

.001.66 

l.ObOCOG 

l.ccoooa 

7.797 

7 32 

300 

CAL . 

. 0 j 9o 0 j 

.0003 79 

. 0C 960 5 

.Ou 9o 0 5 

1. CbOwGd 

1.CCC030 

8.576 

7 32 

• 11 

CAl . 

• (U3A7 

.b 00051 

.010^67 

.310 *67 

l.UbOCOC 

l.bOcCOO 

8.69 7 

732 

33* 

CAL. 

. 019533 

• C Colo 0 

• 0195C3 

• 3 19ju 3 

1.0-CwGO 

l.COCbbd 

9.266 

7 32 

• lb 

CAL. 

..i.121 

. b 3 0 18 3 

.U7iZl 

. 337621 

l.ObCOCC 

l.CObCOO 

9.533 

7 12 

8-7 

cal. 

. 0 31u2l 

. b 0 6 bl 2 

.03 1-31 

• Oil. 31 

1 . 4u 00 d . 

1.00CC00 

9.705 

7 32 

3 9 6 

CAi. . 

. 0-233- 

• 0 0 d Cl 0 

.002030 

. 3 C 2 C 3 0 

l.Ob.OCw 

1 . ubuC JO 

9.996 

732 

310 

cal . 

. C Joo29 

.*00054 

. 03 oo29 

. 0 c ot.2 9 

l.abCWUb 

l.OOCCOO 

13.257 

7 32 

311 

CAl. 

• C 12533 

•C OOCul 

.012533 

. C 1 2^ 3 3 

1 . bCbOCb 

1 .0000 CO 

13.618 

7 32 

222 

CAL . 

• 0 35761 

. C 0 0 C j 6 

.C057ol 

• J2p 7 5 c 

.2272 is 

.22 .215 

.? .366 

7 32 

22 

cA L . 

.028397 

.L -03b G 

.020697 

. 041703 

.042931 

.042931 

11.772 

732 

15 

cal . 

• w - Cu 3 4 

• 0 0 C GO 6 

• 00 CO 0 6 

••64399 

l.OOOCOC 

l.OCCuOO 

12.289 

7 32 

3 

cal. 

. 00 61 3 3 

.u CC006 

.008136 

.031.2. 

. 262 3 0 3 

.262303 

1. .768 

732 

% 

cal . 

. C 3 2 J 97 

• C 0 20*0 

.032-97 

.G€7o25 

. 4 /. 0 O 0 

. . 7 i£ 0 6 

15.694 

732 

711 

CAL. 

.002592 

. C 0-C.6 

.0325^2 

.Ob 2 b 4 2 

1.00-03- 

1 .003000 

29.371 

7 32 

702 

cal. 

•999395 

.CGCC01 

.00 0055 

•u0ll55 

1. OCOjul 

1.00CCC0 

29.641 

732 

FF SUM * 

.<*702 

ROM Cm 

TlMt » 

30 .329 


- DISC 

♦2 2ND RCS X»1529 


7 31 

32 

CAL. 

. 004322 

. w 0 0 1 j 7 

.034322 

.004322 

1 • C c C b w u 

l.OOCCJO 

1 .760 

733 

34 

CAL. 

• C 3 36 5 1 

. 0 CC 7b0 

.036091 

.033351 

l.CbbdOC 

1. COCOCO 

2.233 

73b 

343 

CAl . 

. C 151 34 

• id J i Cl o 

. 01 bl 33 

. 991649 

.2.5. 1 C 

.2.5410 

10.329 

7 33 

165 

CAL. 

.042323 

• L CO 11 4 

.06 2*23 

. 0e2*23 

l.OCGbUb 

1 .030000 

lu . 499 

733 

701 

CAL. 

.411666 

.- 00211 

• w 1 1 66 o 

.311086 

ltbWwbCb 

1.C3C030 

11 ..65 

733 

FF SUM « 

.1.44 

MOM CP 

TIME * 

11.962 


• 01 Sc 

♦ 2 2ND 

i RCS X=1529 


7 3. 

740 

C A w • 

. C 0ubl2 

. c a cci 2 

• C J C L. 1 2 • J 6 C .. 1 2 liCLUdbk 

.32 3 

73. 

930 

cal • 

.417374 

. . 02 C33 

• Jl737<4 .*c527 1 .ooHcv •667365 

.760 


A-54 


DATE .09/20/75 TIMt 17.3t.0n 


thermal raoiaiion analysis system iuasysi cuco500/scope j.- 


PAGE , 2o 


MOiltL « *<10 STEP * l RCS ANALYSIS a/9/75 

FORM factor .alculation link. 


(• INDICATES NJO£ PAIR PAS 8c£N SUdClVIOECI 
(A INUICATwS FF CALCULATED FROM J TO II 


NO Jl I 

NOUi J 

COPPUTAT ION 

Fed. Jl 

FE1..II 

FAd.JI 

F (I.jl 

SMAO. l 

shac. a 

CP TIMt 




W/SHAJ 

H/SHAO 

H/SHAO 

MO/SHAC 

FACTOR 

; * 

FACTOR 

(SECI 

73- 

31 

C A L . 

. 017762 

.031212 

.317762 

. 6 22.62 


.0O72<3 

4.109 

734 

32 

CAL. 

. 0 3 CO 33 

. c 0 0 026 

. 06 C oOo 

.366068 

1 • Ub U J u w 

1.000603 

-.409 

73- 

33 

CAC. 

. 3 99J83 

.6 31999 

.099383 

.O«;9 7 03 

l.UuCy wO 

1 • G 0 C * 6 3 

5.475 

/J- 

34 

cal. 

. G J C5 3o 

.fa G0C12 

• Ox u 53o 

. 1 6C" 36 

1* OOUcu 

1 .x66C60 

5.664 

7 3- 

25 

CAl. 

• 0x1155 

.0.1155 

.00 U5> 

. GCll 55 

lowoCjcu 

1.36CG60 

6.109 

73- 

?*> 

CAL . 

. GC235 i 

.002359 

.3323>9 

.3C2a55 

IaCjCwwr 

1.0000*0 

6.321 

/ 3- 

HOU 

CAL. 

• b C 3a 12 

.003071 

. 00 861 2 

. O 60 i 1 c 

1 • t.uGuu 

i.oc::oo 

7.C83 

7 3*» 

301 

cal. 

.011-31 

..00 6x5 

.011-31 

.611.31 

1.164x66 

1.00360a 

7.452 

/ J- 

035 

CAl . 

. J 1 3 l2 r J 

.000155 

.018926 

.018j26 

1. C X fa 0 6 fa 

l.GOCJxx 

7.02- 

73- 

33b 

CAL . 

. 3-2373 

•11(201 

• 0-2379 

. j-2370 

1. 0x0 3 w x 

1.606x30 

0 . C 8 0 

73- 

J07 

CAL. 

. k . J 7 7o 

• v w 0 x J 6 

.03077o 

.CCj. 7 1 

1.C.C3G. 

1 .6000.0 

8 .296 

73- 

0x0 

CAl. 

.0 61x3— 

. x C 0 . 3 7 

. x 3 1 5 » - 

.0:iE34 

1 » 66 0 3 G fa 

1 .436x30 

0.514 

7 J- 

4 1 J 

lal. 

. » jb— 2* 

.0 C 3 w x 3 

. x G 6— 2x 

. x 0 o— 2 x 

1. UxSUGC 

1.636660 

0.76 7 

7 T- 

311 

CAl. 

. 0 1 3 3 v i 

•G0C6bJ 

• 3 1 3 u 9 9 

.313359 

1.GCC30G 

1.636600 

9.696 

73- 

222 

CAl . 

•I33I3L 

• G 3 000 9 

. 00 0.5- 

. 03 >12 5 

. 22-251 

.22 ‘291 

9.769 

/ 3- 

22 

CAL. 

.0-33-9 

. G w 0 Od 4 

.648349 

• Of Oo 32 

.9>1152 

. 9 > 1 1 5 2 

1G.411 

/ 3- 

1» 

CAl. 

• fa x w 13 3 

• C CCCx 8 

. Gw 3 6 C 0 

. x fa C . C 0 

1.CC5066 

1.00C030 

10 .92 3 

73- 

3 

CAL. 

. 1. 1 5 16. 

.c co:i3 

.61 336a 

. G20130 

. -753 «0 

.47 5300 

13.557 

73- 

- 

CAL . 

. u >--93 

. CO J 152 

•G5--43 

• Jb11o4 

•oo272x 

.062720 

1-.-72 

7 3- 

701 

CAl. 

. O. -712 

. x 4 0 .0 4 

••1 4712 

. fa fa 4/ 1 2 

1 • 0*6x66 

l.faOOxOO 

27. eoi 

/ J- 

FA* 

faAL . 


.x OdCx 1 

. fat ox 39 

. 0 0 fa - * J 

l.dfaxxxG 

1 • C C fix xd 

20 .637 

73- 

FF SUM 

* . - ill 

RON CP 

TIMt * 

20.747 


- OiSu 

♦ 2 3RD RCS X =1542 


735 

32 

CAL . 

.036513 

• x 06 17b 

. 6x 6583 

•0655 03 

1 • u c w u W Aa 

l.OOObuO 

1.090 

736 

3- 

CAL . 

. 0317-J 

. x x x 60 4 

.3317-2 

.431742 

1*0 Li uoit 

1.606x30 

2.112 

7 35 

303 

fa A L « 

. 6 -3x69 

.000043 

.0-3059 

.05 5o 5 1 

.77377 t 

.77*720 

13 .234 

735 

»o5 

cal. 

• 00 1-4? 

.x 00112 

.08 1-- J 

.081--0 

1*0 uyOu«i 

l.aOCxSO 

1G .876 

733 

701 

CAL. 

. x l ux 5- 

•000294 

•116564 

. 0 lb: 54 

1. CCwCCu 

1.400x30 

11.314 

7 16 

FF SUM s 

.1 7J7 

ROM CP 

1 INc « 

11 .03- 


♦ UiSC 

♦ 2 , 

3RU RCS X=1542 

7-0 

8 0 3 

cal. 

. C319 3o 

. x C u xl 6 

. Ou I n 3b 

.0019 16 

lodUICf 

1.300030 

2.694 

740 

801 

CAl . 

.012161 

.1 36669 

.012161 

. x 1 21 o 1 

1 • Owte wCb 

1.600000 

3.601 

7-0 

®32 

CAL . 

. 06 193t> 

• w OOfalb 

.06 193a 

.0ulH3o 

l*0«Cyy£ 

1.U6603 

a.191 

743 

133 

cal. 

••mu 

. x 0 3 u5 9 

.ul21el 

.6121M 

loClCkfik 

1.000600 

3 .-44 

7-a 

007 

CAL . 

• 6 9 x22; 

• x 0 C7 a2 

.C9v225 

.055225 

1 • 0 C Qy y » 

l.faOCxxO 

4.189 

/ -» 

800 

CA. . 

.07-338 

.6 00 3x9 

.07-338 

• 0 7 4.1 3 8 

1 • y y£40o 

1.001630 

4.550 

7 — x 

9i0 

CAl . 

• QJ522> 

.600712 

.095225 


1* WGbCCli 

1.303630 

5 . lbO 

7 40 

All 

cal. 

. x 7 — 3 3 3 

• x C x 3> 9 

.674330 

. C 7 - - 3 0 

1 • l» 44 W i C 

1. 603663 

5 • 4oo 

7-: 

701 

cal. 

. fa j 127 x 

. 6 6 6 fax 3 

.OC 127 3 

.xfal ’ 74 

1 • Hn y y y 0 

1.633303 

13.626 

7-0 

732 

cal . 

.061551 

• 6 C 0 «. 2 0 

.30 1 9> 3 

. 6 fa 1 . x 3 

1* Ciy y t y 

1 .CO 6 „ 30 

13.392 


A-55 


UAYe. 0:*/20/7& TIM^ ir.3i.54. THE FMAL RADIATION ANALYSIS SYSTEM (TRASVS) COC6SOO/SCOPE 3.4 PALE . 

MOOlL * *10 STtP * 1 RCS ANALYSIS 4/9/75 

FORM FACTOR CALCULATION LINK. 


(• INDICATES NOOc. PAIR HAS etkN SUdOIVIOEC) 
(R IKOJCATES FF CALCUL A T£U FROM J TO II 


Is I 

NOOE J 

COMPUTATION 

FE( I. J) 
M/SHAO 

Ft ( J » I > 
M/SHAO 

FA ( I « J 1 
M/SHAO 

F (I.JI 
MU/SHAO 

SHAU. c 
FAlTEk 

SHAC. A 
FACTOR 

CP TIME 
(SEC) 

7hC 

FF SUM 

* .o'. >3 

ROM CP 

TIME * 

13.753 


- 01 SC 

-X 

EVAP. X=1525. CENTER 


74i 

Jl 

cal. 

.00 0- 2l 

.0 0C031 

• - J 0 - 2 3 

.000024 

• I36.U 

.03(433 

3.o76 

7h1 

32 

CAL . 

. C303 3d 

. 0 COCCI 

. 3 j 0- 30 

. 0 Cu. 30 

1. 6-0 -33 

l.cCC3wQ 

4.259 

I 4l 

33 

CAL . 

. G03J62 

. C C J u- 1 

.300062 

.0 CO 362 

1 • J 44 35 4 

l.u30C30 

4 . d4 0 

/ 4 1 

34 

CAl . 

. 0 J 0 •) 4 > 

. C C 0 0 4 1 

•000349 

.000345 

1. 600-63 

1.6Q0--0 

5.214 

/ 4 1 

033 

cal. 

. 63*7»7 

.000006 

.330707 

.000707 

l.C-CQQk 

l.oaco jo 

6.179 

7 4 I 

JOE 

cal . 

. C 0 7 6 7 

. u 0 0 u j o 

.00 0707 

.330707 

l.Cu.C.C 

1.00CC03 

6.490 

741 

222 

CAL . 

• 16 35 J. 

•i 00 It) 3 

. 16 3>0 3 

.164272 

.996707 

.9957(7 

9.733 • 

741 

22 

CAL. 

. i) j 1721 

. C C 0 - J 3 

.00 1721 

. (01721 

1.6-0000 

1.000300 

10.110 

7^1 

FF SUN s 

. lo7l 

ROM CP 

TIME * 

25 • 0 74 


♦ OI SC 

-X 

EWAP. X*152S. CcNTcR 


903 

24 

CAl • 

.0 30334 

.017713 

» 3- k3 34 

. JCC,34 

l.kkO J0k 

1.00CC60 

. 3S1 

R 

903 

27 

CAl . 

. G-Q03( 

.317590 

.3003 33 

•OOC. 33 

1.306330 

1.30C030 

.075 

R 

903 

701 

CAL. 

. C 31269 

. u 1 1 <t>7 

.3- 1269 

.001395 

*9-993> 

.90*935 

1.364 

R 

900 

FF SUN * 

.0 >1 7 

MUM CP 

TIME * 

1 . 364 


- RcCT 

tXTcNOEU AILtKON TOP 


931 

24 

CAu . 

. k - - 3 3 4 

.C3C651 

. 03 3 JO 4 

. 000-34 

1.0-030- 

1.000003 

.161 

R 

931 

25 

cal . 

. -03311 

.031 S3 6 

. Jj -- 1 1 

•3C0-11 

1.0-0-ww 

1.-300-3 

.340 

R 

9-1 

27 

CAL . 

. 0 J j 1 J . 

• 0 1 c 55 4 

.03 3161 

• C l M 1 W J 

1 . 0 CO 00 J 

1.0CCJJ3 

.613 

R 

901 

7-1 

CAl . 

.03 1 jL 1 

. 4 3 * 71 4 

. 03 15o9 

• uG*>5y 

. 34402a 

. 34 402 0 

.962 

R 

901 

FF SUM * 

. 3 u21 

ROM CP 

TIME * 

.962 


- Red 

EXTtNUEU ALEMION INNER 

761 

FF SUM * 

0. 

RUM CP 

TlMc « 

.630 


- CVLN 

-Y 

RAUIATOR 



7 o2 

FF 

SUN 4 

0. 

ROM 

CP 

TIME * 

.722 

a CVLN 

-Y 

KAOIATOR 

763 

FF 

SUM « 

0 . 

RUM 

CP 

TIME * 

• o76 

- CVLN 

-V 

KAOIATOR 

7b4 

FF 

SUM « 

3. 

ROM 

CP 

TIME « 

.711 

♦ CYLN 

-V 

RADIATOR 


27 


A-56 


DATE Oa/20/7:* 
* 

TIHt 17. St. 

THERMAL RADIATION ANALYSIS SYSTtM 

ITRASYST CQCoSSO/SCOPE 3.<* 

PACE , 

28 

MUOEL s RIO 

STtP = 1 

RCS ANALYSIS 

A/9/75 




F Okm FAcTOR CALCULATION LINK. 


l 

I* INDICATES NO Oc HAIR HA j BcEN SUB01VICE0) 
(R IN01CATLS FF CALCULATED FROM J TO I) 


It i 

NOO 

i J 

COMPUTATION 

Ft T I, J> 

Ft IJ,I > 

F A ( I . J 1 

F CI.JI 

SHAO. t 

SHAC. A 

CP TIME 








W/ iH4u 

M/SHAO 

M/SHAO 

MO/ShAO 

FACT tfc 

FACTOR 

(SECI 



7 o j 

FF 

SUN 

s 

u « 

ROW CP 

TINE * 

*681 


- CYLN 

-Y 

RAOIATOR 



7bo 

FF 

SUM 

3 

C. 

ROM CP 

TIME = 

. 3** 


♦ CYLN 

-Y 

RADIATOR 

*! 














If 


767 

FF 

SUN 

3 

. 2 JO c 

ROM CP 

TIME * 

.976 


- CYLN 

-Y 

RADIATOR 















& & 














U C*J 


766 

FF 

SUM 

3 

J • 

ROM CP 

TIME * 

.353 


♦ CYLN 

-Y 

RAOIATOR 

3# 


771 


24 


CAL. 

. C Jo JOG 

• COCCI a 

. 03 0000 

.000303 

l.GCOOGi. 

1.000000 

. * 04 R 


> 

771 

FF 

SUN 

3 

.J 330 

ROM CP 

TIME * 

1.3 99 


- CYLN 

♦ V 

RAOIATOR 


i 

ut 

^4 

772 

FF 

SUM 

3 

3. 

ROM CP 

TIME * 

.368 


♦ CYLN 

♦ V 

RAOIATOR 



771 


24 


CAL . 

. 0 3 03 G j 

.. 0CC42 

.333333 

.occ.co 

1. 0.000. 

l.OOOCGO 

.369 R 



773 

7? 1 


CAl. 

. 0 . 0 . G A 

•339361 

• CO 0336 

• 30C1 36 

. GoCi41 

.060341 

1.037 R 



771 

FF 

SUM 

s 

.0.36 

RUM CP 

TIME * 

1 .67$ 


- CYLN 

♦ V 

RAOIATOR 



77* 

FF 

SUM 

3 

3. 

ROM CP 

TIME a 

.356 


♦ SVLN 

♦ Y 

RAOIATOR 



77 1 

FF 

SUM 

3 

. 3 j J 3 

RUM CP 

TIME S 

.960 


- CYLN 

♦ V 

RAOIATOR 



7 7o 

FF 

SUM 

3 

0. 

ROM CP 

TINE * 

• 34o 


♦ CYLN 

♦ V 

RA01A TOR 



777 

FF 

SUM 

3 

>ii JJi 

ROM CP 

TlMt * 

.93b 


- CYLN 

♦ Y 

RAOIATOR 




OA Tc. .05/20/75 TIMc. 17. <*1.10. TnEIMAL RADIATION ANALYSIS SYSTEM (TRASYSI CjCo5uQ/SCOPL 3. 4 PAUE * 20 

MODEL * RIO STcP • 1 PCS ANALYSIS 4/9/75 

FORM FACTOR CALCULATION LINK. 

(• INDICATES NOOt PAIR HAS B£cN SuOClVlOEOI 
(K INDICATES FF CALCULATED FROM J TO II 


NOIL I 

nuo_ j computation 

FEII.JI 

Ft IJ.II 

FAI I, Jl 

F II. Jl SHAO. t 

SHAL. A 

CP TIME 



H/SHAJ 

M/SHAO 

M/SHAO 

MO/SHAO FAClER 

FACTOR 

IStCI 

77a 

FF SUM * 0. 

ROM CP TIMc * 

.3*9 

♦ CVLN 

♦ Y 

RADIATOR 


140 

FF 

SUM * 

0 . 

ROM 

CP 

TIMc * 

• ** 1 i 

» DISC 

t NO BAY 

AREA DISK 

162 

FF 

SUM * 

J . 

ROM 

CP 

TIME * 

.537 

♦ PAR AU 

1ST PARAB 

- Y OHS 


16* 

FF SUM 

X 

0 . 

kom CP 

TIME * 

.704 


♦ CYLN 

OHS 

ENO CYLINOER RADIUSES. 

29 

FF SUM 

X 

0 . 

ROM CP 

T ’ME =■ 

• 4 76 


♦ TRAP 

TRAP 

POTT OH OHS 

cNO SEALER 

Jl 

Z'j 


CAL . 

• 0 00*44 

• v 0 t /» 7 

• 00 0*6 4 

.0-0*32 

. 7j57o6 

• 7 3 J 7eb 

.42 6 

R 

31 

2 o 


CAL . 

• 0CC121 

.Col 770 

• 000121 

•3C3212 

• 57026 t 

.5702(6 

.723 

R 

31 

27 


CAL. 

It 2 

.000610 

.00CJ-2 

.0uCj42 

1 . OcOOOw 

1 .4.00033 

.565 

R 

31 

70 1 


CAc. 

. 0 35*67 

.C 052*3 

• •139467 

.042:o2 

• 0*3202 

.64 3202 

1.453 


Jl 

FF SUM 

X 

.J 6 H 

ROM CP 

time * 

1 .*53 


♦ OISC 

1ST 

TRIANGLE LT 

SIOc LOOK INi 

32 

25 


CAl . 

.000275 

.C 08709 

.03 0279 

. 03C275 

1.000000 

1.000000 

.524 

R 

J2 

2b 


CAl . 

. fc« 037* 

« u 11 624 

. 0 j 037* 

. CCG374 

1.000000 

1.000000 

.96 7 

R 

32 

7 31 


CAl. 

. 073213 

.041199 

.07 321 J 

. 073213 

1 . OuuCCO 

l.iGCCOO 

2.067 


32 

FF SUM 

X 

• 0 757 

ROM CP 

TIME » 

2.126 


♦ DISC 

LAST 

TRI RT SIOE 


172 

FF 

SUM = 

0 . 

ROM 

CP 

TIME * 

.532 

♦ PARAB 

1ST PARAB »Y UHS 

17* 

FF 

SUH s 

0 . 

ROM 

CP 

TIME * 

.469 

♦ CTLN 

♦ V OHS ENO CYLINOER 


33 

25 

CAL . 

• 4 0 0965 

.026073 

.030565 

. 0CGj65 

l.O-OJO- 

1 .300-0 0 

.392 

R 

JJ 

?o 

CAl. 

. *30/47 

.037167 

.00 0747 

.00074? 

1.CC6.QC 

1. 30000- 

.773 

R 

33 

7J1 

CAL. 

•06-919 

.0 53651 

• 05 w 'i 1 'i 

• 064257 

.9*6359 

.94 (0v9 

1 . 0 I 6 



A-58 


JATE wa/20/75 TIMt 17. 41. 29. THERMAL RAOIATION ANALYSIS SYSTEM ITRASVSI COCo 500 / SCOPE 3.4 H«bc . 30 

HQOlL * *10 STEP * 1 RCS ANALYSIS 4/9/75 

form factor calculation LINK. 

1 

(• INDICATES NODE PAIR HAS SEEN SUdOIVlOEO) 

IN INDICATES F F CALCULATE) FROM j 1C II 


NJJL I 

NODl. j 

COHPUTAT ION 

FEII.JI 

Ft (J.I) 

FAI I.JI 

F II, J) 

SHAO. £ 

SHAC. A CP 

TIME 







H/SMAJ 

M/ShAO 

M/ SHAO 

MO/SMAO 

fact er 

FACTOR ISEC1 


33 

FF 

SUM 

S 

. 3 cj ft 

RON CP 

riMt = 

l.o76 


“ 0 ISC 

2N0 TRl 

LEFT SIOE 

)« 


25 


CAl . 

.coon: 

• c IN 391 

• 33 C 31 0 

.0JI1C 

1.000006 

1.333303 

• oft 3 

R 

3-* 


?o 


CAL. 

. * 0 03 1 3 

.32U72 

• 3 * 0 j 1 j 

• 0 G u j 1 J 

1. Aw 3 30 w 

1.03CC00 

.751 

R 

3-* 


7J1 


CAL . 

* 3 01534 

.0755:4 

.391 534 

• OS; 3*. 

1 . 0*0*0 J 

1.C3CS34 

1 .E91 


34 

FF 

SUM 

s 

. J 1*o 

ROM CP 

TIME * 

1 .o95 


♦ OISC 

3RO TRI 

MIOOLE 

KT SIUE 

3a 


SUM 

z. 

3 . 

ROM CP 

TIME * 

• ■•40 


♦ TRAP 

TOP INSIOE TRAP 



So 

FF SUM = 

0. 

ROM CP 

TIME * 

.42 3 


♦ TRAP 

TOP 

INSIOE TRAP 

24 

2 

cal . 

. 00 «o 31 

.CC0C06 

. 03 8t>C 1 

.030755 

.90235* 

.902354 

2.32 4 

2* 

3 

cal. 

.018.1/ 

.*00019 

.01 8 517 

.*18-17 

1. *00000 

1 .0300, 0 

2.740 

2* 

1 44 

CAl . 

. 00 *alft 

• C 0C032 

• 00 05lo 

• 0C0-. lo 

l.OkOOO* 

1.000000 

2. 449 

2* 

«• 

CAL. 

•0*523* 

•400*15 

.00 5204 

. 0352*4 

1. J**0w* 

1.0333*0 

3.151 

24 

785 

cal. 

. 0 G 0*1 * 

.3003. G 

.00 4*1 4 

.3***1 4 

• .* . n • ' 

1.00**30 

0.175 

2w 

787 

CAL . 

. 0 30- 31 

.:0QC30 

.000330 

.000.38 

1 . U 00 w* A 

1.0000*0 

0.442 

24 

FF SUM s 

. ><531 

ROM CP 

TIME * 

10 .763 


- Oi SC 

ft AR 

Y RCS IT MAS 134. 


2* 

2b 

CAL . 

. 00 2* *7 

. . 0 c .* 7 

. 9. 2.4 7 

.002.4/ 

1.330*0* 

1.303330 

.194 

25 

135 

CAL. 

.023301 

.3 02114 

. *2 3>01 

.023 01 

l.COOuCO 

1.003*00 

1.025 

23 

801 

CAl. 

. Wo *7lo 

. I. 0 0 £ 4 4 

• Co *71 a 

.06071 8 

1 .*00003 

1 .000090 

1 . 54 5 

25 

ft*a 

CAL. 

.010312 

.0 00 la 0 

.010312 

.018312 

1. *30*0* 

1.3*00*0 

1.916 

23 

836 

CAL. 

• 0 a 7162 

.3 0 0 203 

..37962 

.357962 

1 . 3*3.33 

1 .*03*00 

2.263 

2a 

013 

cal. 

.0101 34 

.3 03 38 3 

.010139 

. .1.1 39 

1* It 3* CC 

1 . C 0 30* 0 

2.310 

23 

811 

cal. 

.02**29 

.C0311B 

.02*429 

. 32**29 

1.0*0*40 

1.C0CC3Q 

3.140 

25 

222 

CA*. 

.05027* 

.300**5 

•850273 

. J55lol 

. 0494 1 c 

• 899916 

4 • *3 1 

25 

22 

CAL . 

.*55157 

. l 0 w 1* 9 

. * 8 a . 9 7 

. Q57P 9c 

.07 6 118 

.07 0*10 

5.360 

2a 

*37 

CAl. 

a a * ;■ 

• 42 « 2 

..3:*;5 

.00 * C * a 

.CL. .5 

1.003*0* 

1.303*00 

5.720 

2a 

15 

CAL . 

. 3 *33C« 

. * 0 * C J 7 

. ** 03 0 7 

.030.0/ 

l.OCG.u* 

1 .300*30 

5.915 

2a 

1*3 

CAL. 

.3.0203 

.3 *0 *G 0 

.90*203 

. 00 L* * 3 

. 6* 20 7 4 

.042079 

8.212 

2a 

1** 

Cal . 

.031*7.1 

. . 2 0 CC 4 

.301*73 

.031*73 

1.4*03** 

1.*.C0j0 

a.450 

2a 

4 

CAl . 

.**3171 

. . 3 c: 1 4 

.*25171 

.9** <77 

. 0 c 5 . * s 

• 86 i* 55 

0.063 

2a 

711 

cal. 

. 0 30372 

..CC*.'5 

.3C2372 

.331* 50 

.1**074 

•13c*/t 

lo.560 

25 

TOo 

cal. 

.01*15. 

.320**9 

.315450 

• Olb.30 

. 9o3*£ 4 

•98 1569 

20.337 

2a 

300 

CAl . 

.017*0 J 

. . :*.ii 

.317*.') 

• j.t * 

. J 7* 123 

•37402J 

21.229 

2a 

T 15 

CAL. 

. 03572’. 

.. C * 1 1 0 

.0**72* 

. *!*<>.’ I* 


. 44 * 5:0 

22.557 

2a 

/:i 

CAl . 

• * 1 * >2 ’ 

..00104 

• 113522 

. . 1 . * 

* • • V w W « 

i. 

22.800 

2 a 

7 V 

<‘Sl . 

. . * *Lt 

.i :::i? 


• 1 •• 

1 . * . 

1..3*. >« 

23.507 


ALL RlS 


> 

I 

sO 





JAIl .05/20/75 II He. 17. <*7.12. THERMAL R AOl ATI ON ANALYSIS SVSIEH URASVS* CJCoa uO /SCOPE 3.* PAGE • 31 

MOOcL > RIO STEP * 1 RCS ANALYSIS 6/9/75 

FORM FACTOR CALCULATION LINK. 

I* INDICATES NODE PAIR HAS SEEN SU3C1WIOEOJ 

( R indicates ff calculated FROM J TO II 


NUDE I NOUc. J 

COMPUTAT ION 

FEI I* J» 

Ft IJ.II 

F A ( I , J ) 

F CI,J> SHAO. E 

SHAu. A 

CP TINE 



H/SHAII 

ta/SHAO 

M/ SHAD 

WO/SHAO FACIEN 

FACTOR 

(SCCt 

2a FF SUH 

» .a7I0 

ROM CP 

TINE « 

23, A3 7 

♦ OISC 

FEAR 

V RCS (V MAS 11*. ALL RiS 


2b 

830 

CAL. 

. 0 224** 

.CGCG22 

• Ou 2bL0 

. J J 2o * 0 

l.uDOiiiiO 

1 .*0 *UOO 

• <*6V 

2a 

831 

CAl. 

. u 1*3 55 

. oOOubA 

. 31*056 


1.0*0300 

1.030000 

.499 

2o 

22 

CAL. 

• C9 >103 

• h C 0 . * 9 

.3*5103 

.OCa !aj 

. S* 8 J 8 1 

•9*0Col 

1.8*1 

26 

i 10 

CAl. 

. 02 l* *> 

. iiOJC’2 

• 321 7*5 

.0*2*82 

• aid us a 

.‘.llbCa 

i.o2* 

2 o 

18a 

cal. 

. 075639 

• d 66 10* 

. 07ao39 

. 677703 

.973*35 

.973*35 

9.3*5 

2 o 

731 

cal. 

• 3*9862 

.13 3 odb 

.3*9862 

. **98o2 

1.1*0*61 

l..u*C*0 

13.109 

2b 

7 32 

CAL. 

. CuJ179 

• C CC 6* 3 

.300178 

.000179 

1.0*03*3 

1.003100 

13 .38b 

2b 

FF SUH » 

• 2 >*9 

*JW CP 

TIHc * 

13 . 78o 


- OISC 

FEAR 

2 RCS (2 MAS 57. ALL REST 


27 

833 

CAL. 

. 33 2289 

«* 3CC19 

.0* 2209 

• *322 8 9 

1.01030* 

1.GJCC03 

.592 

27 

301 

CAL. 

.01 82 8 j 

•C 031*3 

.038285 

.306285 

1. 613306 

l.lwClOO 

.832 

27 

87 a 

cal. 

.332715 

.>.33289 

.03271a 

.032715 

1.0*3313 

1.033*60 

1.23* 

27 

81* 

CAL. 

. 13993o 

.100532 

. 13 *M3o 

•1499 38 

l.u* JGGu 

1.10 *660 

l.c*6 

27 

813 

CAL. 

. C3 7: J* 

.1C33jA 

.03 7138 

. (irui 

1. *13036 

1 .1 6 Cl 33 

2.250 

27 

all 

CAL. 

.015*7. 

. 0 33 C 75 

.315*73 

• 615*78 

1.613*06 

1.606030 

2.611 

27 

122 

cal. 

. 08 78 3* 

•1 30C*7 

.33783* 

.OSo 752 

.9*7829 

.907829 

<*.191 

27 

22 

cal. 

.3 J83C: 

.CC0315 

• 33 8ab3 

. CCA luJ 

1. **030C 

1.06*033 

<*•611 

27 

-.37 

CAL. 

. 0 3 30 3 1 

.3330*1 

.331301 

.3*3- * 3 

15G* 1 

.*1 10*1 

<*.929 

27 

2 

CAL. 

.317526 

.833135 

. 33 7 52b 

.019183 

•• 19*18 

•819612 

7. *95 

27 

3 

CAL . 

. 11 73*8 

•33331b 

.31 73«8 

.017*o8 

l.OubuC* 

1 .3 0 C600 

7.592 

27 

l** 

CAl. 

. 1 3 7* 5> 

.303322 

.33 7*9a 

• 012'29 

.5*8265 

.598265 

7.197 

27 

* 

CAL. 

. 0oa9*7 

.330184 

. Ob S9*7 

. uto ia 2 

. 95C-.22 

.951*22 

8.7b* 

27 

153 

CAL • 

• Gw 38 1 3 

.C3JC21 

.03C813 

. C0€l*4 

.102375 

.132375 

9.129 

27 

FF SUM * 

.<.713 

ROM CP 

TIME * 

21 .599 


♦ OISC 

FEAR 

7 RCS IZ MAS 57. ALL fc-ST 

*9 

FF SUM * 

0. 

ROM CP 

TIME « 

.201 


- IRAP 

- Y. 

RcAR SIDE TAPER... 


707 

FF SUM « 

9. 

ROM CP 

TINE » 

.311 

• OISC 

.JULY 8 EVAP..3 

IN. 

RAJ . 

7 C 8 

FF SUM * 

5 • 

RUM CP 

TINE * 

.261 

♦ OISC 

.JULY 8 EVAP..3 

IN. 

RAJ . 

833 

701 

CAL. 

. 1 * 798 > 

..172*6 

.007986 

.607986 1.0*036* l.OOCCOO 

.383 R 




A-60 


DAT:. Jp/20/75 T I Hd H.|]2.V3 


THERMAL RADIATION analysis SYSTEM (TRASVSI 


CJCot>u J/SCUHt 3.4 


MODcL s RIO STEP = t RCS ANALYSIS 4/9/75 

FURM FACTOR CALCULATION LINK. 

l 

(• INDICATES NODE HAIR HAS BcEN GU3CI V ICt U» 

(R I NC JCA Tt S FF CALCULATED FROM j TO I) 


NUOc. I 

NOD- J 

CJMRUT AT ION 

Ft II. JJ 
M/SHAt) 

Ft U,l» 
M/SHAD 

FAT I, J) 
W/ Sri AD 

F (I.J) 
MO/SHAC 

SHm J . c 
FALTER 

SHAC. A 
FACTOR 

CP TIME 
(SEC) 


a Gu 

FF SUM 

* 

.ulJl 

ROM CP 

TIME = 

. 363 


♦ PARA t) 

TOP 

ENG IN 


*91 

Z01 


CAL. 

.0 J72 7 7 

.*2(7*3 

. 3C 7277 

.0*7277 

1. 0*0300 

1.000*00 

.409 

R 

act 

FF SUN 

r 

.6CI5 

ROM CR 

TIME => 

.-ON 


♦ PARAB 

TCP 

.-.NO IN 


a02 

FF SUN 

* 

.0000 

ROM CP 

TIME =■ 

.180 


* PARAB 

TOP 

cJKiIN 


oC J 

FF SUM 

3 

. 0 uO 1 

RJM CP 

TIME = 

.200 


♦ PARAB 

TCP 

ENG IN 


S 

701 


CAL. 

. 33352. 

. 0 3 7c2 3 

.003523 

• C33-: 2C 

1. ObUuwO 

1.C0CC9J 

.322 

R 

a o a 

FF SUM 

3 

« J *o0 

ROM CP 

TIME * 

.322 


♦ PAkA 8 

♦ Y 

ENG IN 


a Ou 

701 


CAL . 

. 031737 

.*3(286 

.03 1737 

. 0ul7 37 

1 . 0 *03 * 3 

1.30CC33 

.356 

R 

a Ob 

FF SUT 

3 

.0 0-8 

RUM CP 

TIME * 

.3*5 


♦ PARAB 

♦ Y 

ENGIN 


oO 7 

701 


CAL . 

• 0 * 05 Gu 

.C01C97 

.03 0506 

•30*306 

1.0*06*3 

1.000000 

.310 

R 

80/ 

FF SUN 

3 

.0313 

KOM CP 

TIME = 

.313 


♦ PARAB 

♦ Y 

ENGIN 


aOa 

701 


CAL . 

. CO 019b 

.0 0145 7 

.63039o 

. 000396 

1.3C03GC 

1.000000 

.282 

K 

aoa 

FF SUM 

S 

. 0030 

ROM CH 

TIME « 

.262 


♦ PARAB 

♦ Y 

ENGIN 


SIC 

/:i 


CAL. 

.0 J227a 

. 0 w-934 

.002276 

.002270 

l.u6Q»** 

1.39*030 

.319 

K 

012 

FF SUM 

X 

.0 OSS 

POM CP 

TIME « 

.353 


♦ PARAB 

-Y 

L NGI N i • « 


ait 

701 


UAL. 

. C . 1641 

. : 3fcC S3 

.301641 

• 1i.UA! 

1. u.iiOliv 

1.300030 

• 319 

R 

att 

FF SUM 

X 

.3*20 

RUM CP 

TIME * 

.353 


♦ PARAB 

-Y 

t Nl» I N • • • 



UATc. ,05/2i 1/^5 Tint 18.02.54. THcRPAL RaOIAIION ANALYSIS SYSTEM ITRASVS) COC 65 00 /SCOPE 3.» PAOt . 33 

* 

H0UtL * ><10 STcP * 1 RCS ANALYSIS 4/9/75 

FORM FACTOR CALCULATION LIRK. 

i 

I* INDICATES NODE PAIR HAS Ut.cN SUBUIVICEOI 
Ik INDICATES FF CALCULATE - ) FROM J TO II 


NO JE I 

NOUc. J 

COMPUTATION 

F£ 1 1 • Jl 
N/SHAO 

FE (J.I) 
U/SHAD 

FA1 I, Jl 
M/SHAO 

F II, Jl 

MO/SHAC 

SHAU. t 
FmCIER 

SHAU. A CP TIME 
FACTOR (SEC) 


0 12 

FF SUM 

* 

0. 

ROM CP 

TIME = 

.272 


♦ PARA6 

-V ENGIN... 


o 1 J 

FF SUM 

2 

0. 

ROM CP 

TIME = 

.257 


♦ PARAB 

-V ENGIN... 


20 

FF SUM 

2 

0. 

ROM CP 

TIME * 

• 1 6o 


♦ U1 SC 

• • •“ Y OMS SEALER ... 


21 

FF SUM 

2 

0. 

ROM CP 

TIME = 

.136 


F UISC 

..♦V OMS SEALER ... 


222 

731 


CAL . 

. 0 031 7 o 

. 1 028> 2 

.03017© 

# DH 

. l© 67 3 t 

.067738 .411 R 


222 

FF SUM 

2 

.0338 

ROM CP 

TIME * 

.411 


- .RtCT 

BACK RECT 7.350tC 


22 

701 


CAL. 

• 01303b 

.13397b 

.01 3038 

.015320 

•051041 

.0510*5 2.427 R 


22 

FF SUM 

- 

. 0 1*2 

RUM CP 

TIME = 

2.427 


- DISC 

RtAR EMC HALF DISK 


23 

FF SUM 

X 

0. 

ROM CP 

TIME = 

.142 


♦ DISC 

REAR END HALF OISK 


40/ 

FF SUM 

X 

• J J J c 

RUM CP 

TIME * 

.20C 


♦ DISC 

BACK SlOt. EVAPORAI . 

UPUA T>. U 

15 

FF SUM 

* 

.0001 

RUM CP 

TIME * 

.159 


♦ OISC 

REAR c.NO EVAPORATOR 


10 

FF SUM 

s 

<J • 

ROM CP 

TIHE - 

.338 


- TRAP 

....LEFT FRONT MING A 

• • • 

11 

FF SUM 

2 

0 * 

RUM CP 

TIME s 

.346 


♦ TRAP 

LEFT NIOULE MING 

BACK, a 


A-62 


OAT» 05/20/75 TIME 11.-J.Jd. THERMAL RACt AT ION ANALYSIS SYSTcM ( TR AS VS) COCo500 /SCOPE 3. 4 PAGE , 34 

HOOtL = RIO STc P = 1 RCS ANALYSIS A/9/75 

FORM FACTOR CALCULATION LINK. 
l 

(• IN01CATES NO Ol PAIR FAS 0£tN SUdCIVICEO) 

(R INO JCA It S FF CALCULATED FROP J TO II 

HOOc. I NODE J COriPU I AT I ON FclItJI FtIJ.I) FAII.J) F II, J) sHA 0 . £ SHAl. A CP TIME 

H/SHAO W/SHAO R/SHAO HO/SHAC FmCTEk FACTOR (SEC) 


141 FF SUM = J. ROW CP TIMa = .349 ♦ RtCT BS INNER MING 


12 FF SUM a 0. ROW CP TIME a .30 h ♦ klCT LEFT BACK RECT. WINS C 


142 FF SUM a w. ROW CP TIME = .319 ♦ ReXT INNER WING C 


13 FF SUM = 0. ROM CP TIME » .4 22 ♦ TRAP LEFT WING TAIL EOG_ 


1 FF SUM = 0. ROW CP TIME = .380 ♦ TRAP ...FRONT WING TRIANGlc RT • A. 


2 FF SUM = .O'Jl ROW CP TIME = .386 - TRAP PIOOLE WING TRAP, kT 0 .. 


14J FF SON a .JJJC ROW CP TIME * .300 - RcCT 8 PV RECTANGLE WING 



J 701 CAL. 

3 FF SUM a .JjOb 

144 FF SUM » . J 00 1 

•* 701 cal. 

•» FF SUM * . 0 05o 


150 FF SUM a 


0 a Ch J-t .C075-.0 .00 0404 .001179 .3*2172 .342172 .373 R 

ROW CP TIME * .373 - Red .... BACK WING RtCT . RTC .129 

ROW CP TIME » .315 - WtCT INNER WING C RECT 

0J42i: .C 2(795 .004210 . 005.71 .830082 .83CC82 .578 R 

ROW CP TIME = .582 - TkAP *Y WING TAIL EOGE 

ROW CP TIME a .325 - CVLN BAY AWcA CYLINO^R 


A-63 


JATc £5/20/75 TIMc 11.1)3^0. ThE FPAL RADIATION ANALVSIS SYSTEM ITRASYS I CJCb 5u0 / SCOPE 3.4 PA&c . ]? 

MOOcL = *10 STEP = 1 RCS ANALYSIS A/9/75 

FORM FACTOR CALCULATION LINK. 

(* INDICATES NO OE PAIR HAj BEEN SUlUlVIC'O) 

( R INDICATES FF CAlCULATcU FROM J TO II 

NOUi. I NO IK J COMPUTATION Fc.II.JI FfcU.II FAII.Jl F (I,JI SH«J. t SHAD. A CF TIMc 

N/SHAJ M/SHAO W/SHAO HO/SUAO FAC It. FACTOR (5ECI 

151 FF SUM = ,0JJu ROW CP TIMc = .353 - GY LN EAY AREA CYLINDER 

152 FF SUM = C. kOW CP TIME = .335 - CY LN eAV AKcA CVL INOER 

153 FF SUM = 0. ROW CP TIME = .352 - CVLN EAY ARtA CYL INOER 

15*. FF SUM = 0. ROW CP TIME = .311 - CY LN DAY AficA C YL INOER 

155 FF SUM = 0. ROW CP TIME = .352 - CY LN OAV AREA CYL I NUER 

1 > o FF SUM - £. ROW CP TIME = .345 - CYLN cAY ARcA CYLINDER 

157 FF SOM - 0. P.OW CP TIME = .357 - CYLN BAY ARcA CYLINDER 

135 FF SUM = 0. ROW CP TIMc * .342 » OISC FRONT BAY AREA DISK 

122 FF SUM * 0. ROW CP IIPE - .19>* ♦ FARAB VERY NOSE CONE 

123 FF SUM = C. ROW CP TIMc = .2 Cm ♦ PARAB VcRV NOSE CONt 

12*. FF 3U.I * S. ROW CP TIME = .191 ♦ PAKAB VERY NOSE CONE 

Uj FF SUM s C. KOW CP T 1 Pc - .191 ♦ P-KaQ VcKY NOSc CONE 


A-64 


UATl *3/2 3/75 TIMt 14.01.33. 
* 

MOOEL * RIO STtP * 1 
FORM FAlTOR CALCULATION LINK* 

I 


THERMAL RAOIATION ANALYSIS SYSTEM iTRASVS) COCoSCO /SCOPE 3. A 

RCS ANALYSIS 4/9/75 


(• INCICATlS NODE PAIR HAS UllN SU301 VI 0£C ) 
( k INDICATES FF CALCULATE! FROM j TO II 


PAGE . 3o 


N0i)£ i NOO-; J COMPUTATION FE(I.J) Fcl.,11 FA( I, J1 F <I,J» SHAO. t SHAC. A CP TIME 

M/SHAO M/SHAO R/SMAJ MO/SHAC FACTE* FACTOR IS^CI 


323 FF SUM s 3. 


ROM CP TIME * 


.20c 


♦ CVlN 


NOSE CYLINDER 


321 FF SUM a 0. 


ROM CP TIME * 


.203 


♦ CYLN 


NOSE C YLINOER 


322 FF SUM = j. 


ROW CP TIME = 


. 17 3 


♦ CYLN 


NOSE C^LINOlR 


j?3 FF SUM = 0. 


ROM CP TIMt * 


.164 


* CYLN 


NOSc. CYLINDER 


32-. FF SUM = G. 


ROM CP TIME = 


.137 


♦ CYLN 


NOSE CYLINOER 


SZj FF SUM » a. 


ROM CP T I Ml * 


.124 


♦ CYLN 


NOSc C YLINOER 


32o FF SUM = i, 


ROM C» TIME = 


.122 


♦ CYLN 


NOSE CYLINDER 


327 FF SUM = 0. 


ROM CP TIMl = 


.128 


♦ CYLN 


NOSE CVLINOER 


J 2a FF SUM * 0. 


ROM CP TIME » 


.211 


♦ CYLN 


NOSE CYLINDER 


S2l FF SOM a 0, 


ROM CP T IHl s 


.209 


♦ CYLN 


NOSE CYLINOER 


333 FF SUM s 3. 


ROM CP T IME = 


.217 


♦ CYLN 


NOSc. CYLINOER 


3 J 1 FF SUM = a. 


ROM CP TIME a 


,lRd 


♦ C»LN 


NOSc. CVLINOER 


A-65 


I 

OA Ic. Jb/ea/7-i TINE 11.37.i7. THERMAL KADI AT ION ANALYSIS SYSTEM (TfcASYS) CXoS 60 /SCOPE 3.<* PAGE , 37 

MOOlL = RIO STEP * 1 RCS ANALYSIS 9/9/75 

FORM FACTOR CALCULATION LINK. 

I 

(• INDICATES NOOE PAIR HAS BEEN SU3CIVI0E0) 

(R INCICATES FF CALCULATEu FROM J TO II 

NOOc I NOOE J COMPUTATION FE(I.J» FEU, I) FAII.J) F <I,J> SrlAO. c SHAC. A CP TIME 

N/SHAU M/SHAt) H/SHAO MO/SIAO FACTE* FACTOR <SECI 


ii» FF SUM s 6 . kOM CP TIME = ,297 ♦ CYLN NOSE CYLINOER 


jiJ FF SUN * 0. KOW CP TIME = .258 ♦ CYLN NUSE CYLINOER 


33-, FF SUM s u. ROM CP TIME s .239 ♦ CYLN NOSE CYlINOlR 


jj; FF SUri 3 o. ROM CP TIME 3 .266 ♦ CYLN NOSE CYLINDER 


34j FF SUM -r 0 . ROM CP TIME 3 ,2C J ♦ PARA 6 HOCJ PARTIAL SACK > 

<T> 

O' 


i<*l FF SUM 3 u. KON CP TIME 3 .197 ♦ PARAB HOOO PARTIAL BACK 


3*2 FF SUM 3 3 . ROM CP TIME - .10* ♦ PARAB HOCO PARTIAL BACK 


SNi FF SUM 3 0. KOM CP TIME 3 .193 ♦ PARAB HOCO PARTIAL BACK 


i<*<* FF SUM 3 C* ROM CP TIME - .147 ♦ PARAB HOCO PARTIAL BACK 


Sho FF SUN s 0. KOM CP TIME 3 .109 ♦ PARAB HOOJ PARTIAL BACK 


3 Hu FF SUM 3 6. ROM CP TIME 3 .190 » PARAB HOCO PARTIAL BACK 


Jh7 FF SUM 3 0 . POM CP TIME 3 .184 ♦ PARAB HOOO PARTIAL BACK 


U ATt Op/eO/75 TIMt. 16.07.1.7. THERMAL RAOIATION ANALYSIS SYSTEM ITRASYSI C0C65CU /SCOPE 3. 4 PAGE t 3# 

HO Jt L * RIO STEP = 1 RCS ANALYSIS G'9/75 

FORM FACTOR CALCULATION LINK. 

c • indicates njde pair has glen subc-lVIOeoi 

(R INDICATES FF CALCULATED FkUM J TO II 

NO.J- I NOu: J COMPUTATION FclI.JI F£ I „ .1 1 FAU.JI F CI.JI SFiAO. E SHAC. A CP T IHc 

M/SrlAO M/SHAO M/SHAU MO/SlAO FACTER FACTOR (ScCI 

3 i.d FF SUM a 0 , ROM CP TIME = .215 ♦ PARAB HOGU PARTIAL BACK 

34-i FF SUM * J. ROW CP l iMt a .176 ♦ PARA8 HOCO PARTIAL BACK 

J5j FF SUM = 0. ROW CP TIME - .191 ♦ PARAB MOCJ PARTIAL BACK 

dsl FF SUM = C. ROM CP TIME = .214 ♦ PARAB HOCO PARTIAL BACK 

35? FF SUM = 0. ROM CP TlMc * .184 ♦ PARAB HOCO PArIIAl BACK 

d‘,3 FF SUM * j). ROM CP T I Me = .192 ♦ PARAB HOCJ PARTIAL BACK 

J} , FF SUM * 5. ROM Cp TIME = .162 ♦ PARAB HOCO PARTIAL OACK 

355 FF SUM a 0. ROM CP TIME * .170 ♦ PARAB MOOO PARTIAL BACK 

3t> J FF SUM = 0. ROW LP TIME = .183 ♦ PARAB MINDCM 

301 FF SUM s 3. ROM CP TIME = .182 ♦ PARAO NINOOM 

Jo2 FF SUM a J. ROM CP TlMt * .189 ♦ PARmU MlNOOH 

3o3 FF »UM a C. POM CP TIME * .18o ♦ PaRAB MINOOM 




A-67 


OATl. .05 /£ C/ / 5 T 1 Me. 13.37.5/. THERMAL RADI ATI ON ANALYSIS SYSTEM (TPASVSI CDCoSQO /SCOPE J.«* PAGE . 34 

MOOuL = RIO STEP « 1 RCS ANALYSIS A/9/75 

FCKM FACTOR CALCULATION LINK. 

(• INC1CAUS NODE PAIR HAj 0LtN SUQOiVICEOI 
(R INDICATES FT CALCULATED FPOM J TO II 

NOUc I NODE J COMPUTATION Fdl.jl FtlJ.II FACI.JI F II.JI SHAO. E SHAC. A CP TIME 

M/SHAJ M/SHAO M/SHAl) MO/SHAO FACItR FACTOR (SECI 


So-* f F SUM * C. ROM CP TIME * .E24 * PARAB MlNOCM 


3o5 FF SUN * 0. ROM CP TIME * .190 ♦ PARAB MlNOOH 


Joo FF SUM a u . ROM CP TIME * .138 ♦ PARAB MlNOOH 


2o7 FF SJM a 0. ROM CP TIME = .195 ♦ PARAB MlNOOH 


J6i F F SUM = <). ROM CP TIME s .1*4 ♦ PARAB MlNOOH 


3b9 FF SUN a J. RUM CP TIME a .191 ♦ PARAe MINOCH 


J/0 FF SUN s 0. ROM CP TIME * .1*3 ♦ PARAB MlNOOH 


3/1 FF SUN a 0. POM CP TIME * .131 ♦ PARAO MINUCM 


3/2 FF SUN a o. POM CP TIME a .160 ♦ PARAB MINOOM 


S73 FF SUN a u. ROM CP IlME * .189 ♦ PARAB HlNOOW 


S7* FF SUM a c. ROM CP TlMc a .1/8 ♦ PARAe MINOOM 


3/» FF SUN a «. POM CP TIME a .166 ♦ PARAd MINUOM 


89-V 



<• indicates no oc pam mas e-eel suouiviglOi 

TK INDICATES FF CALCULATED FPOM J TO II 


NOJs. I 900E J COflHUI AriO'l FclI.J) FlIJ.I) FA(I,JI F (I,JI SHAU. t SHAC. A CP TIME 

M/SMA.) M/SHMO M/SHAJ WO/SHAU FACT ER FACTOR ISlCI 



>.01 FF SUM = f. RJN CP TIME = 


*.C2 FF SU i * b. RuK CP TIMt s 


761 FF SUM * .JJJd ROM C F TIMt * 


7fl2 FF .UH = C. RJM C" TIME * 


7ss ff sum s KOW CP TlMc * 


FF >U1 a L . RON CP TIME * 


7 «> Fr ,.U'1 = . jj-k, kOM CP TIME s 


7 fit* ff SUM » C. ROM C«' TIME * 


7 n7 ff SUM ■= .J«.3C ROM CP TIME * 


7«itt FF SUM x 3. kOw CP T I Me * 


791 FI SOM *■ «. ROM CP TIME * 


792 FF SU- * u. MOM CP TIPS * 



. IS J 
.1LJ 

.173 

.464 
.167 
• 4o 3 
.129 

.431 

.161 

.435 

.(’ti 


- RtCT CUC V UOTTUH IFRT1 

• RtCT tiOCV 9OTT0M (REAR) 

- CVLN ♦ Y SIDE DOOR... 

• CYLN IT Slut DOOR . . • 

- CVLN IT SlOt OOOR • . . 

• CYLN *V SIDE DOOR . . . 

• CYLN ♦ Y SUE OUOR . • • 

• CVLN SlOE OOOR... 

- CVLN IV SIUC OOOR... 

I CYLN IV SIDE UOCK * . . 

- CYLN ... —V SlUb OCOR«».« 

i CTlm ... — V S I Jr. OCOP . . . . 


4 1 

402' 



A-69 


UATc. u 

3/J 0/ 75 

Tint IS. JS. 

19. 


THERMAL RAOIATIUN 

ANALYSIS 

SVSTeM 

ITRASVSI COC65LO /SCuPc. 3.9 


HJUcL * 

910 

STEP 

1 = i 





RCS ANALYSIS 

9/9/75 


FORM FACTOR 

CALCULATION LINK 

• 














(• 

indicates 

NOOt PAIR HAj fltEN sUOOlVlCtUI 








(K 

indicates 

FF CALCULATED FROM J TO 

I) 


NO Jt I 

'40 Oc 

J 

CUMPUTAT ION 

Fell, 

J) 

Ft4J.il 

FAII, J! 

F II, J) 

SPmU. C 

SHAC. A CP TINE 







W/SHAu 

M/IMAO 

M/ SHAO 

MO/Sti AO 

FALTER 

FACTOR 4 SEC I 


793 

FF 

SUN 

S 

0. 

RUM 

CP 

TIME = 

• •♦29 


- CYLN 

... - Y SIDE UOOR . .. * 


/9«* 

FF 

SUN 

X 

3. 

RUM 

CP 

TlMt = 

.220 


♦ CYLN 

'» 

... • V SlOt UOOR • • • . 


795 

FF 

SUN 

x 

3. 

ROM 

CP 

TIME - 

.151 


- CYLN 

... *T SI Ot DOOR.... 


79« 

FF 

SUN 

X 

• J Jo V 

ROM 

c«* 

T I Me x 

.9 33 


♦ CYLN 

... ■ V SI OE OOOR • •• . 


797 

FF 

SU 4 

x 

c • 

ROM 

CP 

TlMt = 

• 190 


- CYLN 

... ~ V SI Ot OOOR.... 


791 

FF 

SUN 

X 

0. 

ROM 

CP 

TIME * 

. *»bi 


♦ CYLN 

... -Y SI OE OOOR.... 


jJl 

FF 

SUN 

- 

3. 

ROM 

CP 

TIME * 

.292 


> TRAP 

tv slue front trapozoiu 


iOv 

FF 

SUN 

a 

t. 

ROM 

CP 

TlMt * 

.195 


♦ ReCT 

4 OC V SIDE 4 Ml OULt “POR 1 1 

3. 5 

3 3o 

FF 

SUN 

X 

• 0 u) 1 

ROM 

CP 

TIME * 

.229 


♦ ReCT 

eocv SIDE 4BACK-P0RII 

31 b 

ill 

FF 

SUN 

X 

C. 

ROM 

CP 

I I Mt x 

.266 


- TRAP 

-v sue from trapozcio 


41» 

F» 

SUN 

X 

a. 

ROM 

CP 

TIME * 

.113 


♦ RtCT 

dOCY Slot (NIOULl-SI JO) 

Jt 5 

31a 

FF 

SUN 

X 

w . 

ROM 

CP 

TIME x 

.132 


♦ Rt.LT 

eOOY Side 4BACK-STBUI 

31 o 


A- 70 


i 


OATc. .5/20/25 T I He 11.9j.JJ. THE FHAL HAOIATION ANALYSIS SVSTeN (TRASVS) 03Co 5 . 0 / SCOPt 3. A PAbt . 42 

riOOtL * RIO STEP = l RCS ANALYSIS 4/9/75 

F0«M FACTOR CALCULATION link. 


I* INUICATES NODE PAIR HAS BEEN SUflOIVlOeOI 
(R INCICATcS FF CALCULATED FROM J TO I> 


NUUc 1 

None j 

COMFU I AT I ON 

FE II, J) 

FE 0,1) 

FAI I, J) 

F CI.J) 

SPmU. e 

SHAO. A CP 

TIHE 






M/SHAt) 

M/SHAD 

m/ShAO 

MO/SliAO 

FACTER 

FACTOR ISEC ) 


202 

FF SUN 

s 

1 . 

RON CP 

TIME * 

. 162 


♦ CYLN 

UQOY TOP 

1ST 80-Re AK) 

2C2 

212 

FF SUN 

* 

• 3wok 

ROM CP 

T I He * 

• 9C7 


♦ CYLN 

BOOT TOP 

1 PORT-REAR) 

212 

390 

701 


lAl . 

.(• C1257 

.922169 

.03 1257 

. 0032 11 

• 311395 

• 39 1 3S5 

.737 k 


IS J 

FF SUM 

X 

.0014 

ROM CP 

time = 

.737 


♦ TRAP 

VERTICAL 

FIN IPORT) 

20 


Ui 


cal . 

•00.143 

. w 9 1 9 J o 

. CO 0 1 ■*! 

.OJCIhS 

i • ciaGOll 

1.00CC 00 

.169 R 



7 01 


CAL . 

• 0 Co 34 1 

.OS 443 I 

.0C6541 

. CCE>4l 

1.0.0000 

1.000000 

.541 R 


3*5 

FF SUN 

X 

.0011 

ROM CP 

TINE * 

075 


♦ Trap 

VERTICAL 

FIN (PORT-AFT) 20 

3 90 

FF SUM 

X 

0. 

ROM CP 

TIME = 

.131 


- TRAP 

vertical 

FIN IS 1 80) 

20 

195 

FF SUM 

X 

0. 

ROM CP 

TIME * 

.127 


- TRAP 

VERTICAL 

FIN ISTOO-AFI) 20 

/Q> 

FF sun 

X 

0 . 

ROM Ch 

TINE « 

.339 


♦ Oise 

..MOST FORMARO EVAPORATOR. ... . 

700 

FF SUN 

X 

.9019 

ROM CP 

TIME * 

• 51 1 


• Oise 

SUPER ENGINS 

IONS LOCAI 

7 01 

70 j 


cal. 

. 0 0 0 9 1 1 

• c J w 03 6 

• CO Ou 39 

.950. 39 

1.4.0.00 

1 • 3 0 C<* w 3 

.355 


701 

FF SUN 

X 

.5o»7 

ROM Ch 

time * 

1 • o oo 


♦ DISC 

SUPER ENGINS 

IONS LOuAT 

/C 2 

F) SUN 

X 

.40.2 

KJn Cr 

UMt * 

.521 


• Oise 

SUPER ENGINS 

IONS LO.AT 

701 

FF SUN 

X 

• 0 Jj z 

ROM CP 

UHe * 

..07 


♦ U1SC 

SUPeR ENGINS 

IONS LO-AI 


A-71 


UATc 0^/20/75 T I Hi 1 n.11.<*0. 

HOO-L * «10 STEP = 1 
FORM factum calculation link. 


THERMAL NADI ATI ON ANALYSIS SYSTlM (TRASVS) CuCo ai' G / SCOPE J.4 
KCS ANALYSIS 4/9/75 


(• INDICATES NOOc PAIR HAj OccN SUUCIVIOEO) 
(« INDICATES F F CALCULATED FROM J TO II 


PAGE . 4 J 


NOUl 1 NUOE J COMPUTATION FL (I. J» FEU. I) FAII.JI F (I,JI SHAO. E SHAC. A CP TIME 

M/SHAU M/JHAO M/SHAO MO/SMAC FACTER FACTOR (SEC) 


lB FF SUN = J . 


K JM CF TINE = 


, J20 


DISC 


... FRONT RCS . .LOOKING t/-V *T 


10 FF SUM s 0. 


RUM CP TIME s 


.003 


♦ DISC • . • FRCNT MCS. .LOOKING ♦/- Y U T 


la FF SUM * 0. 


RUM CP TIME « 


.011 


- DISC 


...MIDDLE lVAP. LOOKING ♦ /- Y. 


17 FF SUN s C. 


ROM CP TIME s 


.026 


♦ DISC 


...NIOOLE EVAP. LOOKING ♦ /- Y. 


J99 FF jUM * 


ROM CP TIME * 


.011 


♦ R£CT VEST. FIN LOG. cOGt 


total CP TIMl I SEC ) FOR PROdLtM s 725. -*13 


A-72 


uATt 

0>/2C/75 TIME 
■* 

TmEkmal 

* ADI AT ION ANALYSIS SYSTEM 

(TNASTSI COCoS 00 /SCOPE 4.* 

PACE 

HOUcL 

= 310 STEP * 1 


tfCS AKALVSIS 

4/9/75 


FOKM 

FACTO* CALCULATION LINK. 

1 







FtkM 

FACTO A SUMS FPC1 NOJE I 




NOUE I 

- 

FF SUN 

HOO- I 

• 

FF SUM 

NOCE I 

- 

FF SUM 

KOD£ I 

- 

FF SUM 

NOCE I 

- 

FF SUM 

NOOt 1 

- 

FF SUM 

> C * 0 


0. 

S3 05 

_ 

C . 

i Cl c 

- 

. 0000009 

>315 

. 

. JbCOOlS 

5020 

• 

.0030021 

5025 

. 

. 0 0*0 028 

>036 


.0003 J*3 

5335 

- 

.3000447 

5 04 9 

- 

. 0000305 

'5 J 45 

- 

. * 0 *0*26 

5059 

- 

.0000075 

5*55 

• 

.0000124 

b JoO 


. 30*2713 

53*5 

- 

.0034157 

£070 

- 

• 0 33 59*9 

>3 75 

- 

* .025412 

5080 

- 

.0304027 

50 85 

- 

.*0*4 64 0 

5 0 90 


. j 0*3142 

.395 

- 

.0:32c22 

5100 

- 

. CC0J9S3 

10a 

- 

• ecus?* 

5113 

- 

.0003014 

143 

• 

. 0013*66 

1 tO 


C. 

1*7 

- 

.0*19 lo3 

710 

- 

. 373139* 

711 

- 

.2848915 

712 

• 

.4046346 

714 

- 

.*190085 

7l* 


.3904240 

7 15 

- 

.4*32023 

720 

- 

.0775529 

721 

- 

.6801777 

722 

« 

.0715193 

724 

- 

.094214* 

724 


• C c**73 2 

725 

- 

• o 329 j4o 

726 

- 

. C>63*64 

727 

- 

.598013* 

739 

- 

.5652732 

7 31 

• 

.1122*18 

742 


.*7:20*9 

734 

- 

• 1 49 3 5 o> 

754 

- 

. * 3o bd 0 0 

745 


.1757206 

7*3 

- 

.6482091 

741 

* 

.lo/*95l 

9* 0 


. 3* 1 73>o 

JCi 

- 

.0 32149a 

751 

- 

0. 

762 

« 

0. 

761 

• 

0 . 

76* 


0. 

I O) 


3. 

7 DO 

- 

0. 

7o 7 

- 

. 3*30003 

7b8 

- 

0. 

771 

- 

.0000001 

772 

• 

3. 

77S 


. GO J JOJo 

77b 

- 

0. 

775 

• 

. 0 C * **GG 

776 

- 

c. 

77 7 

- 

..0000*0 

776 

- 

* . 

1 <* S 


3. 

132 

- 

3. 

144 

- 

0. 

29 

- 

0. 

31 

• 

.0618633 

42 

- 

.*737.17 

172 


C. 

ire 

- 

0. 

33 

- 

. * 8o4.bC 

4* 

- 

.3958351 

35 

- 

3. 

36 

- 

* . 

.<• 


• Cv S *?>9 

25 

- 

. 5 7 50 5o 1 

26 

- 

• 2544586 

27 

- 

.*712672 

149 

- 

0. 

707 


or. 

768 


C. 

i * w 

- 

. 31 31227 

8*1 

- 

• 00 9*533 

402 

- 

. 00C022* 

634 

• 

.030*566 

6*9 

- 

. *0b> 24 J 

4»o 


.04*3252 

1*7 

- 

.001 3724 

6* 6 

• 

. 0007645 

810 

- 

.00 J7b51 

811 

- 

. 0 * 28 4 75 

612 

• 

. 1 

1# • 

11 j 


0. 

23 

- 

C . 

21 

- 

0. 

222 

- 

.30*7897 

22 

- 

.0142138 

24 

- 

y • 

407 


. 0***2*? 

15 

- 

.300 0o2 3 

10 

- 

0 . 

11 

• 

b . 

141 

• 

0. 

12 

- 

a • 

1 -.2 


A 

*# • 

13 

- 

C . 

1 

- 

0 • 

2 

- 

.0030533 

143 

- 

.0003014 

J 

- 

. ***6042 

1 ** 


. 0401374 

* 

- 

. 3035*93 

150 

- 

. 030 002 3 

1 £1 

- 

.OOOCbJfc 

152 

- 

3. 

154 

- 

* . 

1>* 



155 

- 

0 . 

15 6 

- 

0. 

1 £ 7 

- 

0. 

145 

- 

0. 

12? 

• 

* . 

124 


0. 

l?4 

- 

0 . 

125 

- 

0. 

420 

- 

0. 

321 

• 

0. 

422 

- 

0. 

St j 


FA 

• • 

I.* 

- 

o . 

425 

m 

0. 

32a 

- 

4 . 

32 7 

• 

3. 

426 

• 

0. 

329 


0. 

54b 

• 

0. 

311 

m 

0. 

33? 

- 

0 • 

43 3 

- 

0. 

444 

• 

* . 

335 


0. 

5*C 

- 

* . 

441 


0. 

442 

- 

* . 

444 


3. 

44* 

• 

* . 

3*6 


0. 

14 6 

- 

0 . 

4*7 

- 

0 . 

348 

• 

* • 

449 

» 

3. 

450 

- 

0. 

3>i 


0. 

452 

- 

J. 

451 

- 

0. 

35* 

- 

w . 

35 * 

- 

0. 

4c C 

» 

a. 

Ou 1 


c. 

3o2 

• 

J • 

4u 3 

• 

0. 

364 

- 

it. 

365 

- 

a. 

4co 

- 

0 . 

3o 7 


0. 

ito 

- 

0. 

io 9 

m 

0. 

370 

- 

* • 

371 

m 

0. 

472 

• 

* . 

4/3 


0. 

57*. 

- 

0 * 

475 

m 

3. 

401 

- 

* • 

402 

m 

a. 

781 

• 

.08*0002 

7a2 


0. 

743 

- 

0 . 

74 4 

- 

0. 

785 

• 

.0000025 

766 

- 

0. 

787 

• 

..0*0002 

7 *6 


c. 

791 

- 

w • 

792 


9. 

793 

- 

b . 

794 

• 

3. 

7 S5 

• 

a. 

79 o 


• J 0 J m01 3 

797 

- 

0 . 

7?8 

- 

0. 

301 

- 

0 . 

43S 

m 

3. 

4b6 

- 

.00*0 o2* 

411 


G. 

515 

- 

0 . 

416 

• 

0. 

20 2 

- 

* • 

2 12 

m 

.0003083 

38* 


.0014240 

3a5 


• Q Jdo i 

390 

- 

0 . 

395 

• 

0. 

7.5 

- 

0 . 

730 

- 

.0019078 

701 

m 

. >62oce 3 

702 


• 0332269 

701 

• 

.0000385 

18 

- 

0. 

19 

- 

* . 

16 

- 

0. 

17 

• 

0. 


399 * 0. 


total use fiw fo-ih fact j-< ;/^ 5.ob 
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2.5.3 GEOMETRIC RELATIONSHIP DATA MATRIX 

The following pages contain the input data 

computer printouts for the Shuttle Orbiter configuration. 


A- 74 


ATi J-/2 0/75 T lit 1 J . 1 1 . 42 


THthMAL kAOI 6 r ION ANALYSIS 


IOOcL « 410 STOP > 1 ACS AKALYSIS 

90CESSIKG OPlAATIUNS OATA 


IJli^ 1 

NOOE J 

F1I, J> 

AREA 

THtTI 

T MET J 

R-X 0 IUS 

>415 

711 

. u OGOd 1 

2.50EA01 

85.09 

b6 . 98 

4.3b ' 922*02 

r/32 0 

711 

. JOwdJ., 

J. 0 OC.AJ1 

83.11 

66.34 

4.31/6 7E *02 

vJ25 

711 

•4 JC033 

3. 636*01 

81.27 

67.77 

4 . 3 3'« 5 3E *0 2 

5 3 40 

711 

• 4 44 C J 4 

4.&JEA31 

71.41 

oo • 93 

4.37220EAQ2 

y J 3 5 

711 

. J0JC35 

5. 03 1a Cl 

75.ol 

bo. lb 

4. -.14736*02 


yJ**> 

7'* 

• . . 0 0 u 1 

6.1 1 £ a J 1 

77.10 

64.25 

4. 57io62*Q2 

6J4> 

7*6 

.4 000 J 1 

8. llc*01 

7 «.4> 

64 .4] 

4.69 <S9c*G2 

$44 » 

’ 24 

. . 4 C U 4 1 

8. 11 E A 31 

77.76 

64. >9 

4.79- 19l*02 

5 Jb 0 

722 

..c.c :2 

l.Citt J2 

72.14 

61.34 

4 . 52Z y 42 * 02 

y Jy J 

724 

.(CgJ j2 

1. 3 1£a02 

72. bC 

61.56 

4 .t4- 27E aQ2 

53y 0 

7?b 

.6(0442 

1.012*32 

74.34 

31.8w 

4. 7o»» 3 52 *02 

yj>0 

715 

..C.. .1 

1.316*32 

74.90 

79.27 

4.5C'- 4Ot*0 2 

5353 

24 

•OCSoJl 

1. 0 lc*u2 

74.42 

62.03 

4 *6o? 1 JE* C2 

y J> 5 

727 

. 0 C*. k 0 * 

1. 22 £a 02 

65.79 

76.80 

4 .6w-.94* *02 

5 J>> 

7.4 

. CCC0J2 

1.22c*C2 

71.33 

/a.«9 

4.72-i34t*02 

>•>5 

72 b 

. * . . j . 2 

1.22 la ;> 

70.65 

79.37 

4.85 ; 19£*u2 

>£> > 

715 

. w C . 0 j 3 

i. j2ca:? 

71.57 

77.19 

4.ct«56c *32 

$gy> 

24 

.OCOOS2 

1.222*32 

71.26 

79*o4 

4 * 54- l At *02 

53ud 

722 

•3(j£|4 

1.5 Mi* 1 2 

65.60 

75.76 

4 • 73o06£ *(2 

5 Jo i 

724 

. C C CO 3 4 

1 . 5 j Z * 32 

66.43 

76.14 

4. 8>-» 1 4t *C 2 

5wo 0 

726 

• . ClO J 3 

1.5 )c* J2 

6 3.32 

7o.4 7 

4.57' 91£aJ2 

y Ot> 0 

733 

.3C3G3S 

i. y Jc* C2 

6t .97 

74. 34 

4 . Xc'co: a 0 2 

§4»0 

7 35 

. J 00 4 J 4 

1. >Js»32 

o7 .5 8 

74.74 

4 • 7A.> 5 J£*02 

J La J 

24 

• 4 44 w J 3 

1. >06*02 

67. >1 

76.79 

5. CbaOtt *32 

5Jo J 

73 1 

.0 CC25 3 

1.5 Ot *02 

67.39 

39. 3o 

5 . 10- 3 Ct *02 

50o5 

72 J 

• COOuO 3 

1. S3£*C2 

61.21 

72.4 7 

4. 77. 97c.*02 

5do5 

722 

. C c 3 . J 5 

1. 8 J£*02 

61 »>4 

72.69 

4.79i4Sc *J2 

5 Job 

724 

.030315 

1.6 It* 02 

62 .o3 

73.31 

5. 00- 6 IF *w 2 

>44 3 

72 b 

. d OuO u 4 

1 . 3 5£* 02 

o 2 . id 

73.09 

5 • 12 . 6 9c * g 2 

5.03 

733 

. 0 C wit J 2 

1 . 6 32* 02 

62.00 

71 • 96 

4.81J7lc*u2 







\D kf% vji \r \r\ vn \t 


ITKASVSI CUCo5JC/SC0P2 3.4 


HAGc 




4i 


4/9/75 

HCRPAL VECTOR I 


P0S1TICN VECTOR I 


8.42E-11 -1.91c*01 -l.olE*Cl 
l.OJE-lt -E.J4 c.a 31 -1.97£*ol 
1 .222-1 C -2.76E*Q1 -2.336*01 
1.5ot-lG -3.556*01 -2.98c*01 
1.9JE-1C -4. JJ2* J l -J.bJE*ul 


2.7JC-1Q -6.212*01 -5.216*01 
2.7 Si-". -6.216*31 -5.212*01 
2.7 3E-i ( *b.21EAi)l -5.2lE*ol 

J.39E-IC -7. 7l£ a 3 1 -6.472*01 
3.39E-1C -7.712*01 -o.47c*Cl 
3.396-lt -7.716 *j 1 >6.472*41 
J.39E-1C -7.7i£*Ql -6.47E*Ci 
3.392-1 i -7.712*01 -6.472*01 

s. lde-lC -9.31201 ‘MUa.I 
4.132-14 -9.JXc.AJl •7.lltA«l 
4. 106-1 4 -9.316*01 -7. 312*41 
4.19E-IC -9.312*01 -7.61C*ul 
4.102-14 -9.’3lr**dl -7.616*01 

•C7E-10 -1.152*02 -5.o7t*01 
•G7E-1 C -1 . 15fc a J 2 -9.672*01 
*07c-lC -l.l>t*02 -9.67E*wl 
*«<7 E-l ( -1. 1-2*02 -9. 6 7t *01 
.C7E-1I -1 . l>£ ♦ J 2 -9.67i.a01 
.072-14 -1.156*52 -9.67caJ1 
.076-11 -1.152*02 -9.67tA4l 

c.ldc-1 ( -1.4JEAJ2 -1.162*02 
2 .1 66 -1 ( -1.4J202 a|«||Ca( 2 
fc.lrtc-lJ -1.4 36 *32 -1.16 E.a 02 
L.lac-lC -1.432*32 -1 .U£a«2 

t. ldE-lC -1.4 j£a02 -1.162*02 


-2 .9j c *u2 

1 . 08c *02 

9 • jot * Gi 

-2. 9< 6*02 

1.206*42 

1 . 002* 02 

-2.9.£*J2 

1.306*02 

1.0 i£*C2 

-2.9?c*J2 

1.472*62 

1.232*02 

-2.9< l*02 

i • o4c A 4 2 

1 . 36c* 02 

-2.9d£*g2 
-2. 9 j L *02 
-2. 9s c * - 2 

1.95c*w2 
1.95c *w2 
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2. 1 Jc*0i 

o C . 3 5 

79.33 

2. 12*1 2c**2 

5.18E*0C •9.*oE*00 

2.546*01 

-7. 

4< c * 02 

1 . 166*02 

3.5Jc*ul 

7.<0 

4.0 

. J295.1 

2 • a3e*Jl 

*1 .<*0 

03.29 

2.5 32 3»c**2 

-l.lut-lC 2. 13c* 0 1 

6.1, 6-4.2 

-7. 

1, C * 42 

1 .,96*02 

5 . #Jt*0i 

77 0 

1 

. 0 j12 3 7 

2. 45 e* Cl 

*2.2* 

30.1o 

1.80 316*02 

-1.0U6-1C 2 .1 3c* 0 1 

6. 1 ,e-22 

-7. 

1, c*J2 

1 .,96*82 

9.90c* 01 

77 3 

2 

. . 122 7 7 

2. 13c* 'll 

~a.9* 

00.21 

*• 1* ' 99c*0e 

-1.10E-11 2.136*01 

6. 1,6-22 

-7. 

1*6*02 

1 .,9c*02 

5.90c* Cl 

723 

3 

.*271*2 

2. 83t**l 

5* .62 

5 1 . 0 3 

2.-7 59t**2 

-l.dOc-lC 2.136*31 

6.14C-22 

-7. 

1, c*02 

1 .,9c*02 

5 «9.c* .1 

72 3 

l** 

. CC. 77 3 

2. a 3 c* 0 1 

92 .bo 

<.8.17 

2 • 32 *5 5c *02 

-1.8jE- 1C 2 . 8 3t * 0 1 

E. 146-22 

-7. 

1, c * ,2 

1. ,96*02 

5.906*01 

72 3 

4 

. J*H2d i 

2. lit* 01 

100.93 

6.72 

1 « 69 *. 4 *c *32 

•l.UE-lfl 2.136*01 

6.14E-22 

-7. 

1, c * 42 

1 .,9c *0 2 

5.90.* Ll 

723 

715 

.3*312 ) 

2. 0 JE* 31 

87. o3 

7o.23 

4 • 35a 77c *02 

•1 .006-1 C 2.036*01 

o. 1,6-22 

-7. 

1, C*42 

1 »,5c * C2 

5.986*01 

721 

730 

• 00190 

2. 8 Jc* 0 1 

o6.5 7 

23. *3 

4 . C8->95c**i 

1.0CE-1C -2.136*01 

-6 .1,6-22 

-7. 

1- c*02 

1 .4 96 * 4 2 

5.9,6*01 

72 1 

712 

. 3 *16 1 9 

2. 83e*Gl 

c 7 .7 3 

29. J3 

* . ?a » 7 2c* *1 

1.04C-1C -2.036*01 

-6. 14E-22 

-7. 

1-c* j2 

1 .496*02 

5 . * Jc * 4 1 

721 

7J4 

• **3996 

2. S Ic* 3 1 

7 C .<• 0 

49.27 

4 .14c 9 76*01 

1.036-K -2. 13c *01 

-6.146-22 

-7. 

1, c*02 

1., 96*02 

$.906*41 

721 

7*1 

.3 :*C 17 

2.332*01 

<•2.93 

87. *3 

2. 02i38i»u2 

l.aOc-10 — 2.03c*Ol 

-6.1,6-22 

-7. 

l,c * 02 

1.496*42 

5 • iOc* ul 

7*1 

90 1 

. .*11 57 

2. 13E**1 

86. 7o 

3 * . a 0 

1 • 1C:' 316 * *2 

1.806-10 -2.8 3c *01 

-6. l,c-22 

-7. 

1,E*02 

l .49c *02 

5.9JE* 01 

721 

il 

.17*121 

2. 13c* 31 

13.35 

77.28 

2 . * 4 * * 3c*wl 

1.006-12 -2. lit* 01 

-6.146-22 

-7. 

1- c * )2 

1 .496*02 

5. -i;c*0l 

721 

1? 

. 1*1133 

2. 8JE*0l 

31.29 

87.93 

8.e 71 6 5c *01 

1.006-10 -2.036*31 

-6.l4t-22 

-7. 

l-c*J2 

1 .496*02 

5.906*01 

721 

3 1 

.177327 

2.8 Jc*0l 

32.91 

81. *2 

3 . * 1- 0 Oc * j 1 

1. 006-10 -2.136*31 

-6.146-22 

-7. 

1,6*02 

1 .496*42 

9.906*01 

721 

3* 

. * C 35 * * 

2. 03c*Ol 

*1.53 

80 . b 3 

7 . 661 0 «c * 01 

1.AG6-11 -2.036*01 

* 0 . 1,6-22 

-7. 

1. c*,2 

1 »,9c*0 2 

5.90c* Cl 

7* 1 

2o 

.300191 

2.0S.O1 

58.2 3 

82.13 

5.84.3*c**l 

l.OOc-li -2.856*01 

-6.14C-22 

-7. 

1,6*. 2 

1 .,9 c*02 

9 • 086*01 

721 


.33*530 

2.1Jr. *0l 

*.38 

14 . a 7 

1 • 2 8.* 5 9c * J 2 

l.SOc-11 -2.856*01 

-6.14E-22 

-7. 

1,6*02 

1., 96*02 

9 • 10c* Cl 

721 

001 

. 3* 1397 

2. aitOl 

27.19 

1*.<*2 

1 .271922*42 

1.806-11 -2.036*01 

-b. 1,6-22 

-7. 

1. c»J2 

1 .-96*02 

5 .90c* 01 

721 

>•15 

.3 I'JiJb 

2.636*61 

5 *.27 

55.72 

1 . 331 9 3F*42 

1.0O6-1C -2.836*01 

-6.1,6-22 

-7. 

1,6* .2 

1 .,96*w2 

5 • 90c * ul 

721 

1 jo 

. .3*3 32 

2. 1 U*01 

62.03 

57.25 

1 . 37o 176*02 

1 . 80c- 1 C -2.036*01 

-6.146-22 

-7. 

1, 6 *J2 

1 .,96*0 2 

5 . 93c* 4 V 
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NO JcL « 410 STEP ■ 1 PCS ANALYSIS 4/9/75 

PROCcSSl No OPERATIONS DATA 

i 


NOOw 1 

NJO. J 

F ( I , J 1 

AREA 

T Hi II 

THtTJ 

RADIUS 

NCkhAL VECTOR I 


POSITION VECTOR I 

721 

413 

.J 11499 

2. sic* Cl 

31.31 

36.51 

2 . 0 8c 682*02 

1.402-16 -2. 84E*J1 -6. l4t-22 

-7 

1. c ♦ 0 2 

1.496*02 

5 . 90c* Cl 

721 

all 

•.*13.5 

2. 442*01 

37.3* 

42.51 

2.C3: 242*02 

1 .806-1 i -2. 8 3c *31 -6.1.L-22 

-7 

1.6*02 

1.49c*. 2 

5 . 906* Cl 

721 

222 

• .C9222 

2. 342*01 

35.27 

86.59 

1.521 4.2*02 

1.332-1 ( -2.84E*31 -6.1.E-22 

-7 

1.6*32 

1.496*32 

5*936*01 

721 

22 

.: 1.5.3 

2.8ic*01 

* .63 

85.77 

1..9'25t *32 

1 . 836-1 C -2. 83£* 01 -6.1.E-22 

-7 

1. E*.2 

1 ..9t ♦ J 2 

5.90c *31 

721 

15 

» i . j C j o 

2. 832*01 

81.60 

81 . 06 

1.55 T 6G£*02 

1.8. E-l( -2«63E*01 -o.l4t“22 

-7 

1. b*o2 

1 ..9c *0 2 

5*906*01 

721 

4 

•6*72:9 

2.342*01 

79.27 

o.72 

1.6v40£*J2 

l.aOfc-ll -2 * die *31 -6. l.E-22 

-7 

1.6*. 2 

1 ».9c *3 2 

5 .906* .1 

721 

44 C 

• : 6 ec . : 

2. 43c»61 

5 t .. 4 

5 u • 3 4 

2.41. 46L *32 

1.SJE-1C -2.812*31 -6.146-22 

-7 

1- c *0 2 

1 ..96*02 

5 . .0 b ♦ :i 

721 

41 -J 

.<1 5.3 42 

2. 4 4 £.* . 1 

.8 .5* 

43.56 

2 . 2.< 092*32 

1.83E-K -2.836*01 -6.146-22 

-7 

1- £♦ o2 

1 «.9c*3 2 

5**32*01 

721 

731 

• 02/44 7 

2.342*61 

58.2 7 

51.94 

8. Sl2 78L*3 1 

1.80E-1C -2.842*01 -6.14E-22 

-7 

1.4*32 

1.. 96*02 

5*936*. 1 

721 

722 

.662:75 

2. 84l*01 

l*i.39 

75.32 

2.47/6.6*02 

1 . 636-1 C -2.436*31 -6. l.E-22 

-7 

14 6*32 

1 ..9c *32 

5*936* 21 

722 

9.0 

.6*42 47 

2. 4 it* 1 1 

.5.38 

5. « . 1 

2.6. >93E»C2 

-1.806-lw 2.846*31 6.146-22 

-7 

2/ 6 *.2 

1 ..9c *.2 

5 .9 Jc* ol 

722 

931 

.661677 

2.4 42*01 

96.11 

44.23 

l.)7.i?5t*32 

- 1 • 8. 6- 1 C 2 • 84t*3 1 6.146-22 

-7 

it c*0 2 

1 .496*. 2 

6.906*31 

722 

771 

. * .. 3 * 5 

2. 832*31 

96.76 

8^ * 42 

3 • 72* 472 *32 

-1.806- 1C 2.842*31 6. l.b-22 

-7 

2/c*02 

1 ..9c* 02 

5. *06*01 

722 

77 4 

.30:C4. 

2. 4J_»:i 

85.95 

4.. 77 

6 • 58 > o lb *32 

-1.40 c- It 2* 832* 01 6 . 1.6-22 

-7 

2* 2 *.2 

1.. 96*02 

5 . *04*31 

722 

25 

.6666.2 

2. 842*01 

85.11 

89.31 

i.cO- 962*01 

-1 .806-1 C 2. 44c* 0 1 6.1.2-22 

-7 

2> c * .2 

1.. 96*32 

5 • 936* Cl 

722 

2 

. U 1 1 O 5 1 

2. oic»31 

77.41 

66. 75 

4.261 642*02 

-1 . 83t-l 3 2.842*01 6.1.6-22 

-7 

2« c*. 2 

1 #.9c*0 2 

5 .93c* .1 

722 

3 

.62.947 

2. 8 42* C 1 

55. *7 

59..*. 

3.65uC32*02 

-1.83E-1 6 2.932*31 o. 146-22 

-7 

2/ 4*02 

1 ..9£*32 

5 *9.6*31 

7*2 

1.4 

. C 0. 6 4 4 

2. 832*31 

52.36 

50.15 

2.42..7E*02 

-1.83E-1C 2.4>2*01 6.14 £-22 

-7 

2/ c*02 

1. .92*32 

5 . *06*01 

722 

. 

.6675 1 6 

2.842*01 

106.63 

9.23 

1.69 19c*02 

-l.SOc-lC 2.936*01 6.144-22 

-7 

2/2*32 

1 >.9£*o2 

5*936*. A 

722 

7lO 

. 3C35 47 

2.342*01 

87.70 

76 . o 0 

4.48. C22*02 

-1.80E-1C 2. 43c» 01 6.1.6-22 

-7 

2, c *02 

1 .49c* 02 

5.906*31 

722 

7a 7 

• * 6 6 6 1 5 

2. 342*31 

86.70 

32. .5 

7 .Sl-G2£*0? 

-1 .8.6-1 2 2.836*01 6. 146-22 

-7 

2/4*32 

1*. 9c *32 

5 .936 * 31 

7*4 

7iC 

. 161614 

2.342*01 

67.73 

29.33 

..281722*01 

1.83c-lC -2. 8 4c *31 -6. l.E-22 

-7 

2/ 4 * m 2 

1 ..9t«02 

5.906*31 

72 J 

752 

... 1 9 6 3 

2. 3 5 l ♦ u 1 

oo .5 7 

24. .3 

..C 8/ 956*01 

1.8G6-1C -2. 93E* 01 -C.14C-22 

-7 

2/ 6*02 

1*. 92*32 

5 • *3c* 31 

72 J 

7 W 

.0616 1 

2. 342*61 

67.73 

29.03 

4. 28 1726 *31 

1 . 406-1 C -2.946*01 -0.146-22 

-7 

27 2* .2 

1 ..96*32 

5 • * 36* Cl 

72 4 

911 

.**29 >. 

2. 84^*01 

81.49 

4. .20 

1.87>59E«02 

1.83E-1C -2.046*01 -6.1.6-22 

-7 

2'£*.2 

1 ..St * . 2 

5.936*21 

72 3 

51 

..71161 

2. 332*. 1 

. 1 .. . 

.3.73 

2.65494c* xl 

l.SOc-K -2.436*31 -6.1.6-22 

-7 

2/c*32 

l«.9c* 32 

5.9.4*01 

72 3 

42 

.J.v33 J 

2. 342*61 

36.99 

76.58 

8.83 062*01 

1 .802-1 C -2.846*31 -6.1.2-22 

-7 

2< 4*32 

1 ..9c *0 2 

5 . 90c* 31 

77 3 

.4 

.12*622 

2. 042*31 

.2.91 

59 .ox 

4.45' 956 *01 

1 .836-1 C -2.836*31 -6. l.c-22 

-7 

2/ c ♦ .2 

1.456*32 

5.932*01 

72 3 

44 

.016043 

2.442*31 

.6.63 

77.11 

7.8.. 4.c *01 

l.SJe-ld -2.832*01 -6.1.6-22 

-7 

2/ £ * w 2 

1.. 96*02 

5.934*01 

721 

26 

• 6 66. 1 7 

2. Bit* 31 

SC. 18 

8L.41 

4.8.1c. 3c *01 

1.802-11 -2.432*31 -6. l.E-22 

-7 

2/ t*.2 

t..9£*32 

5 .9Jt«01 

723 

•4 6 

.042954 

2.842*01 

2. .5 

24. .6 

1 . 27t" 4 12 *.2 

l.aOc-ll -2.342*01 -6.146-22 

-7 

2/ c * 0 2 

1..9£»02 

> . *3c * u 1 

72 A 

s. 1 

. 6 546 2 4 

2.4 42*01 

22 ..9 

9.03 

1 .21wo9t*d2 

1.836-1 1 -2.846*31 -6.146-22 

-7 

2/c*02 

1 . .92*02 

5 *416*01 

72 4 

• 35 

.622643 

2. 34 (.* 6 1 

52.o3 

57.71 

1 • 61. 5 5c. *02 

1.306-1 i -2. 43E*01 -6.1.6-22 

-7 

2/ £* j2 

1.. 96*02 

9 • 93c* 01 

724 

Su 6 

• 04o9o. 

2. 332*01 

o 1 .51 

56. 91 

1.30! 51c*02 

1.806-1 C -2.152*31 -6.142-22 

-7 

2/ 2*02 

1. .96*02 

5.916*31 

72 3 

610 

.3110 4 3 

2. 832*61 

3. .71 

43. 33 

2 . co/ 76t *02 

1.436-10 -2.832*j1 -6*1.6-22 

-7 

2/c*02 

1 «.9b*02 

5 • 93c * 21 

72 3 

• 11 

.32173. 

2.842*61 

35.30 

42.3 8 

1.59? 122*02 

1.8C6-1C -2.442*31 -6.1.6-22 

-7 

2/2*02 

1. .96*02 

5 #93c* 01 

72 3 

222 

. 3 2.3oo 

2. 3Je*0l 

35.30 

82.7*. 

1 . 92.' 3 lc *32 

1.832-12 -2.846*01 -6.1.6-22 

-7 

2 /£* o 2 

1 ..9c* 32 

5 .936* .1 

72 4 

2? 

. 6 .96 » 1 

2. 3 i ..*01 

5.36 

8 . « 4 7 

l.iC: 57E*02 

1 .80 6-1 C -2.84E*31 -6.1.6-22 

-7 

27b*. 2 

1..9c*32 

5 . *0c* 31 

72 4 

417 

.0 Du* jii 

2.8iC*3l 

75.51 

79.51 

1 *5ou2.:*32 

1.8J2-1C -2.836*31 -6.14^-22 

-7 

2 / £*.2 

1 ..9c *C 2 

5.90c* .1 

723 

i 5 

.*.:*.• 

2.8 » * ♦ 6 1 

8 1 . 4 1 

81. ol 

1.55*922*32 

1.936-1. -2.836*31 -to. 146-22 

-7 

2 / c *02 

1 *.9c *.2 

5 » 93c ♦ 01 

72 3 

1-1 

IktiAll 

2. 3.42* .1 

St. 79 

65 . 95 

4.12i 1 It ♦ 32 

1 .802- 1 C -2.0 3c *31 -c. l.E-22 

-7 

2/2*02 

1 . . 9£ * . 2 

5 .93 c*.l 

72 3 

1.4 

.162204 

2. 84c.* 0 1 

87 ..4 

5. .15 

2 • 42-. 7 1 *02 

1.8CE-12 -2. 83c* 0 1 -6.1.6-22 

-7 

27 e*.2 

1..9t*02 

5 . 90c * 01 

72 i 

4 

» 02t>72o 

2.342*31 

75.32 

9.24 

1 .69x192*32 

1 . 43 c - 1 ( -2 . 8 lc * 3 1 -o.l.L-22 

-7 

2 / 4 « j 2 

1 ..9c* 02 

5 . 90c * 31 

7*3 

3.6 

**24.41 

2. 342*61 

73.7. 

74.7. 

2.o9 ?4c *32 

l.aOE-li -2.8lt*31 -6.1. £-22 

-7 

2. 4*32 

1.. 96*32 

5.936*31 


A-82 
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OQcL 

< *10 

STEP * 1 




PCS ANALYSIS 

4/9/75 




ROCtSSI N& OPERATIONS 04 I A 









OJc 

I NOO. J 

FIliJI 

AREA 

THcTI 

TM£T J 

RADIUS 

NCR 8 AL VECTOR I 

POSITION VECTOR I 

7i 3 

44 J 

. 3 Cbc 3. 

2. 8 Jt*il 

5 ( .82 

S> W • 6 Z 

2. 3?-59£. 02 

1.805*16 -2.83E.0i -fc.l4k-22 

-7.2/6*C2 

1.-96*02 

5.905*11 

723 

345 

..67 91 J 

2. BJt*Cl 

-t .2 3 

48.23 

2.23. :7C *J2 

1.8JE-1C -2.8JE.31 -6.1-E-22 

-7.27 Li. 2 

l.-9£*J2 

5.906*61 

72 3 

7J1 

• <.2655 1 

2. 8 J 6* C 1 

5*. 05 

56.7- 

8.181 Hl.JI 

1.806-Im -2.84E.01 -6.14E-22 

-7.27 c*C2 

l.-9t*J2 

5.906*01 

72 3 

7.2 

. J 31/31 

2. 8 J£*0 1 

12.24 

77.85 

2 . 4*»-. 9-6*42 

1.436-1 ( -2. 836* 3 1 -6.146-22 

-7 .27 t*«2 

l.*9E*il 

5.90E*C1 

72. 

9 JO 

.G?Uo4 

2. d J£*0l 

51.41 

5-. 78 

2.70. 776*02 

-1.806-11 2.846*01 6.14E-22 

-7.4j £* J2 

1 .-9t*02 

5.93t*0l 

12 - 

901 

.CtiRi' 

2. 8Jt*01 

92.98 

37.28 

1.55/ 77F.J2 

-1.806-IC 2 . 6 4c . 8 1 6.14E-22 

-7. 4. c« .2 

1.-96*02 

5.90t*.l 

li - 

77 1 

• E CSiilo 

2.8 1£*01 

8c «d 0 

85.88 

8 «8>4 366.02 

-1.806-1 C 2.836*01 o.l *.£-22 

-7 ... i*J2 

1 «-9t * C 2 

5.4Jc*.l 

7c- 

77 3 

• 0 C t C OS 

2. 6jl.il 

81.92 

84.87 

7 . 11-966 .02 

-1.836-1C 2 . 84£ ♦ j 1 6.1**6-22 

-7.4. Li. 2 

1.-9C02 

5.9m£*.'I 

72. 

25 

• 0 w A* U 1 3 

2.8 J£*01 

88.-6 

88 • -6 

2.301 8-E*Jl 

-1.8JE-1C 2.8JE.J1 6.1-6-22 

— 7 .4m c*m2 

1 »-9t *a 2 

5 • 90c. ♦ 01 

72 : 

2 

*3 1»*. J4 

2. 8 JE* 01 

77. ob 

o7 .26 

4. 3d. 9 16.. 02 

-l.SOc-lC 2 . 8 ic. *3 1 c.l-E-22 

-7 . 4- c*-2 

1 »-9t *02 

5 . 33 . • m1 

72 - 

3 

. m 2242 2 

2.8lt*Cl 

5c .7 0 

60.25 

3.131 8>E.02 

-1.806-1 ( 2 . 8 3c * 0 1 6. l-E-22 

-7 . -m t * m2 

1 • -9i ♦ -2 

5 .50c* -1 

ii-* 

l** ■* 

.33.72 3 

2. dJ£*Cl 

92. 2o 

51.96 

2.52. 37c*02 

-1 .d0t-i0 2 . 8 4E * J 1 6.1 -£-22 

- 7. -. t *-2 

1.-96*32 

5.90c* *1 

72- 


.3 .<.72 3 

2. oJ £♦ M 1 

1 3 ( .3 8 

12.51 

1.74- d3c»02 

-1.8-t-lC 2.8 JE.-31 6.1-6-22 

-7.*»j c*j2 

1 .-96*02 

5.93c *31 

72. 

785 

• 'w b . 3 ^ 

2.8Jc*3l 

87.76 

7o.97 

- • c C 
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